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ABSTRACT
CEMP-no stars, a subclass of carbon-enhanced metal-poor (CEMP) stars, are one of the most signif-
icant stellar populations in Galactic Archaeology, because they dominate the low end of the metallicity
distribution function, providing information on the early star-formation and chemical-evolution his-
tory of the Milky Way and its satellite galaxies. Here we present an analysis of medium-resolution
(R ∼ 1, 800) optical spectroscopy for a CEMP giant, SDSS J132755.56+333521.7, observed with the
Large Binocular Telescope (LBT), one of the brightest (g ∼ 20.5) members of the classical dwarf
spheroidal galaxy, Canes Venatici I (CVn I). Many CEMP stars discovered to date have very cool
effective temperatures (Teff < 4500K), resulting in strong veiling by molecular carbon bands over
their optical spectra at low/medium spectral resolution. We introduce a technique to mitigate the
carbon-veiling problem to obtain reliable stellar parameters, and validate this method with the LBT
medium-resolution optical spectra of the ultra metal-poor ([Fe/H] = −4.0) CEMP-no dwarf, G 77-61,
and seven additional very cool CEMP stars, which have published high-resolution spectroscopic param-
eters. We apply this technique to the LBT spectrum of SDSS J132755.56+333521.7. We find that this
star is well-described with parameters Teff = 4530K, log g = 0.7, [Fe/H] = −3.38, and absolute carbon
abundance A(C) = 7.23, indicating that it is likely the first Group III CEMP-no star identified in CVn
I. The Group III identification of this star suggests that it is a member of the extremely metal-poor
population in CVn I, which may have been accreted into its halo.
Keywords: galaxies: dwarf - galaxies: individual (CVn I) - stars: abundances - stars: chemically
peculiar - stars: individual (SDSS J132755.56+333521.7) - stars: Population II
1. INTRODUCTION
The nature of the first generation of stars, in par-
ticular, the first-star initial mass function (FIMF) and
first-star nucleosynthesis pathways, provide crucial in-
formation for understanding the first star-forming envi-
ronments and early Galactic chemical evolution. While
constraining the FIMF remains a challenge, our under-
standing of first-star nucleosynthesis has been advanced
through studies of their likely direct descendants, the
so-called CEMP-no stars ([C/Fe] ≥ +0.7 and [Ba/Fe]
≤ 0.01), a sub-class of carbon-enhanced metal-poor stars
(CEMP; Beers & Christlieb 2005; Aoki et al. 2007;
Hansen et al. 2016a; Placco et al. 2016; Yoon et al. 2016;
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1 Here we adopt the relative abundance ratios as [A/B]= log
(NA/NB)? - log (NA/NB), where NA and NB are the number
densities of elements A and B, respectively.
Aguado et al. 2018; Ezzeddine et al. 2019; Frebel et al.
2019; Yoon et al. 2019).
CEMP-no stars exhibit over-abundances of carbon but
sub-solar abundance ratios of neutron-capture elements.
Based on a variety of studies, (e.g., Yong et al. 2013;
Aoki et al. 2018), a substantial fraction of extremely
metal-poor (EMP; [Fe/H] < −3.0) and more than 50%
of ultra metal-poor (UMP; [Fe/H] < −4.0) CEMP-no
stars also exhibit over-abundances of light elements such
as N, O, Na, Mg, Al, and Si, which may be a character-
istic signature of first-star nucleosynthesis (Aoki et al.
2002b; Meynet et al. 2010; Nomoto et al. 2013; Choplin
et al. 2017; Aoki et al. 2018).
Recently, Yoon et al. (2016) demonstrated that halo
CEMP-no stars can be sub-divided into at least two
groups, based on their morphological distinction in
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the Yoon-Beers A(C)2-[Fe/H] diagram. The Group
II CEMP-no stars exhibit a strong correlation between
A(C) and [Fe/H], indicating formation in environments
where progenitor stars simultaneously produced both
carbon and iron. In contrast, the progenitors of the
Group III CEMP-no stars appear to have produced car-
bon independently of iron. Similar bifurcated behaviors
between Group II and III CEMP-no stars are found in
the A(Na)-A(C) and A(Mg)-A(C) spaces, along with the
recently explored A(Ba)-A(C) space (Yoon et al. 2019).
These chemically distinct behaviors strongly suggest
the existence of multiple nucleosynthesis pathways for
the formation of CEMP-no stars. Hence, recent theo-
retical studies have investigated different explanations
for the formations of the bifurcated CEMP-no stars,
such as different cooling channels (carbon dust grains
vs. silicate dust grains; Chiaki et al. 2017), different
pollution/metal-enrichment pathways (external vs. in-
ternal enrichments; Chiaki et al. 2018; Chiaki & Wise
2019), or inhomogeneous metal mixing of their birth
clouds (Hartwig & Yoshida 2019).
CEMP-no stars in the halo exhibit kinematics that
suggest their dominant association with the outer-
halo population of the Milky Way (e.g., Carollo et al.
2014; Lee et al. 2017; Yoon et al. 2018b). Thus, the
halo CEMP-no stars are likely to have been accreted
from their birthplaces, dark-matter dominated low-mass
mini-halos (e.g., Salvadori et al. 2015; Amorisco 2017;
Starkenburg et al. 2017), that are often taken to be the
site of first-galaxy formation. The accretion origin of
the halo CEMP-no stars has been supported by various
studies asserting their association with satellite dwarf
galaxies in the Milky Way (e.g., Frebel & Norris 2015;
Starkenburg et al. 2017; Spite et al. 2018). Most re-
cently, Yoon et al. (2019) demonstrated the existence
of a similar bifurcated behavior of CEMP-no groups in
the Yoon-Beers diagram among the sample of CEMP-
no stars found in the ultra-faint dwarf (UFD) satellite
galaxies and classical dwarf spheroidal (dSph) galaxies,
providing additional strong evidence for the accretion
hypothesis.
The discovery of large numbers of halo CEMP-no stars
has been limited by the need for a measurement of
[Ba/Fe], which requires time-consuming moderate- to
high-resolution spectroscopy. Yoon et al. (2016) de-
vised an alternative approach, based on the absolute
carbon abundance, A(C), which is readily measured at
medium resolution, and capable of effectively (with a
2 A(X)=log (X)=log (NX/NH)+12, whereNX andNH the rep-
resent number-density fractions of the element X and hydrogen,
respectively.
success rate of ∼90%) distinguishing CEMP-no stars
from CEMP-s stars, whose carbon and barium over-
abundances are thought to originate from mass transfer
from their asymptotic giant branch binary companion,
which is now a faint white dwarf (Suda et al. 2004; Her-
wig 2005; Lucatello et al. 2005; Komiya et al. 2007; Bis-
terzo et al. 2011; Starkenburg et al. 2014; Hansen et al.
2016b; Arentsen et al. 2019; Lee et al. 2019). In par-
ticular, in the metallicity range where these two CEMP
sub-classes overlap, −3.5 ≤ [Fe/H] ≤ −2.0, application
of this approach opens the opportunity to identify sig-
nificantly greater numbers of CEMP-no stars.
However, there remains a challenge for the esti-
mation of reliable stellar parameters from medium-
resolution spectroscopy, in particular for cooler stars
(Teff < 4500K), due to the presence of strong molecu-
lar carbon bands throughout the optical spectral region
of interest. In this work, we develop a technique to
mitigate this limitation, both by assigning individual
cool CEMP stars into their likely CEMP groups in the
A(C)-[Fe/H] diagram, and performing concurrent de-
terminations of effective temperature, metallicity, and
carbon abundance. We validate this method by deriving
the stellar parameters of known very cool CEMP stars
(Teff < 4500K) whose high-resolution spectroscopic
parameters are available, including a new medium-
resolution spectrum of the canonical ultra metal-poor
(Group III CEMP-no) dwarf carbon star, G 77-61.
We employ this method to recently acquired medium-
resolution optical spectroscopic observations of a car-
bon giant, SDSS J132755.56+333521.7 (hereafter,
SDSS J1327+3335), a member of the satellite dwarf
galaxy Canes Venatici I (CVn I), to derive its stel-
lar parameters. SDSS J1327+3335 was found in close
proximity to the center of CVn I, which was originally
revealed as a stellar over-density in the North Galac-
tic Cap using Sloan Digital Sky Survey Data Release 5
(SDSS, York et al. 2000; Yanny et al. 2009). Although
the existence of this star was reported in the CVn I
discovery paper (Zucker et al. 2006), the poor quality
of the original SDSS data, due to its faint magnitude
(g ∼ 20.5), rendered it unusable for reliable stellar-
parameter estimates.
In Section 2, we describe the medium-resolution (R ∼
1,800) spectroscopic follow-up observations of G 77-61
and SDSS J1327+3335 and additional validation stars.
We introduce our method for identifying the likely group
membership and derive their stellar parameters by im-
plementing a Bayesian Maximum Likelihood Estima-
tion (MLE) spectral-matching procedure in Section 3.
In Section 4, we validate this method by comparing
our derived estimates for G 77-61 with high-resolution
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[Fe/H] =  2.5, A(C) = 7.9
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Figure 1. Influence of carbon veiling in the region of the Ca II H&K lines and the CH G-band, for CEMP Group I (top panels),
Group II (middle panels), and Group III (bottom panels) archetypes, as a function of temperature, over 4000K ≤ Teff ≤ 5000K.
Cooler atmospheres are characteristically more affected by continuum depression than those with higher effective temperatures.
Surface gravities for dwarf (left panels, log g = 5.0) and giant (right panels, log g = [0.0, 3.5]) classifications are also considered,
for which the behavior of carbon veiling contrasts significantly.
spectroscopic results from Plez & Cohen (2005). We
then apply this method to a medium-resolution spec-
trum of SDSS J1327+3335. In Section 5, we confirm
that SDSS J1327+3335 is a likely Group III CEMP-no
star, based on its location in the A(C)-[Fe/H] space, and
discuss its significance in terms of its host environment
and accretion origin. Our conclusions are summarized
in Section 6.
2. DATA
2.1. Validation Stars
As a validation of the classification and parameter de-
termination methodologies, we select known cool (Teff <
4500K) stars, previously studied with high-resolution
spectroscopy, for which the metal and carbon abun-
dances are prime examples of their CEMP group classifi-
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cations. There is an exception3 with a warmer Group III
star with 4500K< Teff ≤ 5000K. This selection includes
several spectra for validation – six stars from the Ham-
burg/ESO survey (HES; Wisotzki et al. 1996; Christlieb
et al. 2001), one spectrum from the HK objective-prism
survey (Beers et al. 1985, 1992), and our new medium-
resolution spectrum of G 77-61, as described in the next
subsection. These stars include four CEMP Group I
stars (HE 1305+0132, HE 2221-0453, HE 0319-0215,
and HE 0017+0055), two Group II stars (HE 1116-0634
and CS 30314-00674), and two Group III stars (HE 1310-
0536 and G 77-61).
2.2. Medium-Resolution Spectroscopic Observations
and Data Reduction
While we used existing low-resolution spectra from
both the HES survey and HK survey for validation (typ-
ical signal-to-noise ratio, SNR, estimates were ∼ 25
at the Ca II K line.), we conducted new medium-
resolution spectroscopic observations for G 77-61, along
with our science target, SDSS J1327+3335. We obtained
medium-resolution spectroscopy of SDSS J1327+3335
with the Multi-object Double Spectrographs (MODS;
Pogge et al. 2010) at the Large Binocular Telescope
(LBT) on Mt. Graham, Arizona. For comparison,
we also observed the canonical UMP dwarf carbon star
G 77-61, with stellar parameters available from previous
analysis of high-resolution spectroscopy (Plez & Cohen
2005). Below we provide a description of the observa-
tions and data reduction.
The optical spectra of SDSS J1327+3335 were ob-
tained on May 21 and June 5 2018. We used the blue
grating covering the wavelength range 3200-5800Å, with
a dispersion of 0.5 Å pixel−1, which provides a resolv-
ing power of R ∼ 1,800. The 0.6 arcsec segmented
long slit was used to obtain eighteen 20-minute expo-
sures for SDSS J1327+3335. The spectra were flat-
fielded, bias-subtracted, and bad columns fixed using
the modsCCDRed python package5. Cosmic rays were
identified and removed using the L.A. Cosmic IRAF6
task (van Dokkum 2001). The wavelength calibrations
were carried out based on observations of Ar lamps
3 There are only two known Group III stars with 4000K ≤
Teff ≤ 5000K: G 77-61 (Teff = 4000K) and HE 1310-0536 (Teff =
5000K).
4 Yoon et al. (2016) noted that this star is located in the over-
lapping regions between Group II and Group III.
5 modsCCDRed by R. W. Pogge, available at http://www.
astronomy.ohio-state.edu/MODS/Software/modsCCDRed/
6 IRAF is distributed by the National Optical Astronomy Ob-
servatory, which is operated by the Association of Universities
for Research in Astronomy (AURA) under cooperative agreement
with the National Science Foundation.
taken during the same run with the standard LBT
linelists. The sky subtraction, wavelength calibration,
and one-dimensional extraction tasks were carried out
using IRAF. The MODS 1 and MODS 2 spectra were co-
added in the final step. Note that three of the 20-minute
exposure MODS2 spectra from the June run were not
co-added for the final analysis, due to a problem with
their flat-field spectra. From the co-addition of fifteen
spectra (total exposure time 18,000 s), a final SNR of
∼22 per resolution element at 4000Å was achieved.
The spectra of G 77-61 were obtained on February
9, 2018 and reduced with the same procedure described
above, except that we used HgAr lamp spectra for the
MODS2 data for wavelength calibration. The total ex-
posure time was 3200 s. The resulting SNR obtained is
∼160 per resolution element at 4000Å7.
3. A NOVEL METHOD: ARCHETYPAL
CLASSIFICATION AND SPECTRAL MATCHING
The determination of stellar parameters for cool
(Teff < 4500K), strongly carbon-enhanced stars is chal-
lenging for two primary reasons. First, large swaths
of the optical spectral range can be significantly de-
pressed by the presence of molecular carbon features
and metallic lines, including regions commonly used to
approximate the continua of these spectra. This issue,
referred to as carbon veiling, is exhibited in Figure 1,
where continuum depression is seen for cooler atmo-
spheres, causing otherwise carbon-independent features
in medium-resolution spectra, such as the Ca II H&K
lines, to exhibit a dependence on the carbon abundance.
This veiling is also sensitive to the surface gravity of the
star, and behaves distinctly for each of the three CEMP
groups. Consequently, the effective temperature, metal-
licity, and carbon abundance of a star need to be con-
sidered simultaneously during parameter determination,
and should not be regarded as independent procedures.
We remind the reader that the medium-resolution spec-
tra of CEMP stars often come from large-scale surveys,
which are only approximately flux calibrated, if at all.
The second challenge is the ambiguous nature of spec-
trum normalization in the presence of significant carbon
veiling, especially with regards to spectral matching. It
is generally not known to what extent carbon veiling is
influencing the pseudo-continuum of an observed spec-
trum during normalization and subsequent parameter
determination. Whereas the normalization of observed
spectra with strongly enhanced molecular band features
7 Wavelength shifts of a few tenths of Å were found between
the MODS1 and MODS2 spectra, of an unknown origin, hence we
decided not to measure radial velocity estimates.
The first identified Group III CEMP-no star in CVn I 5
proceeds in a manner that might be oblivious to the
degree of carbon veiling, depending on the strength of
carbon bands, spectral synthesis does not; the flux is
representative of the underlying stellar atmosphere. Pa-
rameter determination is therefore only possible if both
the observed and synthetic spectra have addressed car-
bon veiling in an equivalent fashion.
We attempt to resolve these issues in the following
manner. First, we employ a normalization technique
designed to accommodate both the observed spectra
and our library of synthetic spectra, as described be-
low. Then, we employ a two-step procedure to derive
reliable estimates of [Fe/H] and A(C): (1) We develop a
preliminary CEMP group classification procedure based
on archetypal stellar parameters, and (2) We implement
a MLE technique for spectral matching, which takes
into account both metal- and carbon-abundance sensi-
tive features during determination of effective tempera-
ture, metallicity, and carbon abundance, to derive reli-
able stellar parameters.
3.1. Synthetic Spectra and Normalization
For all synthetic spectral matching, we made use of
the synthetic (1D LTE) library described in Whitten
et al. (2019); a brief description follows. We imple-
mented a grid of model atmospheres computed with the
MARCS code (Gustafsson et al. 2008), taking into ac-
count carbon enhancement in the atmosphere. The mi-
croturbulence velocities were assigned according to the
prescription vt = −0.345 · log g + 2.225, derived from
a sample of high-resolution spectra 8. Synthetic spec-
tra were generated from these model atmospheres using
the Turbospectrum routine (Alvarez & Plez 1998), cov-
ering the wavelength range 3,000–5,000Å. We assume
the Solar abundances of Asplund et al. (2009). Updated
linelists and more detailed information about the grids
can be found in Whitten et al. (2019). This library
was decremented to an appropriate spectral resolution
(R = 2, 000), and renormalized along with the observed
spectra using the Gaussian Inflection Spline Interpola-
tion Continuum (GISIC) routine 9, in order to enable
matching with the observed spectra. This routine im-
plements a cubic spline interpolation of continuum re-
gions determined from inflection points in the smoothed
spectrum.
We first interpolate within this library to produce
spectra across the range Teff = [4000, 5000]K, [Fe/H]
= [−4.5,−1.0], and [C/Fe] = [−0.5,+4.5]. Given the
8 see https://www.sdss.org/dr12/spectro/sspp_changes/ for
details.
9 https://pypi.org/project/GISIC/
Table 1. CEMP Group Archetype Parameters for the Halo
and UFD/dSph Galaxies
Group [Fe/H] [C/Fe] A(C)
Halo stars
Group I −2.5 1.97 7.9
Group II −3.5 0.97 5.9
Group III −4.3 2.87 7.0
UFDs/dSphs stars
Group I −1.5 1.07 8.0
Group II −3.0 0.87 6.3
Group III −3.5 2.37 7.3
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[Fe/H] =  3.0 | A(C) = 6.3
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Figure 2. CEMP Group archetype classification of
SDSS J1327+3335. The log-likelihood (L; Eq. 2) is de-
termined across the temperature range Teff = [4000, 5000]K
for each CEMP group, using the [Fe/H] and A(C) archetype
parameters, according to Table 1.
effective temperature range considered in this work, we
assume both dwarf and giant surface gravity classifica-
tions. For both classifications, surface gravities are as-
signed according to the effective temperature and metal-
licity, using stellar isochrones from the Y 2 collaboration
(Demarque et al. 2004). An α-element enhancement of
[α/Fe] = +0.4 – consistent with the halo stars (Ishigaki
et al. 2013) – is assumed, with an age of 12Gyr. It
is expected that the luminosity class is known prior to
classification and parameter determination. In the case
that the luminosity class is not known, the methods dis-
cussed can be used to determine the most likely classifi-
cation, by comparing the optimized likelihood functions
for both dwarf and giant classifications.
3.2. Archetypal Classification
The distinct locations of the CEMP groups in the
A(C) vs. [Fe/H] space (Yoon et al. 2016) present an
6 Yoon et al.
Table 2. Wavelength Bands used for SNR Estimation
Feature Blue sideband (Å) Line band (Å) Red sideband (Å)
Ca II K [3884, 3923] KP Eq. 3 [3995, 4045]
CH G-band [4000, 4080] [4222, 4322] [4440, 4500]
C2 (4737 Å) [4500, 4600] [4710, 4750] [4760, 4820]
opportunity to determine the most likely group clas-
sification prior to parameter determination, based on
comparison with archetypal parameters associated with
each group, as listed in Table 1. This preliminary classi-
fication is not strictly required for the parameter deter-
mination – described in Section 3.3 – as the routine is
applied over the entire synthetic library range, regard-
less of the suggested group classification. However, the
CEMP class archetype parameters are used to seed the
initial values of the parameter determination, and there-
fore serve as a first guess of the final parameters.
When comparing to the CEMP Group archetype pa-
rameters, it is important to consider the population to
which a given star belongs. Yoon et al. (2019) showed
that, while the characteristic Yoon-Beers CEMP groups
are seen for stars in UFD/dSph galaxies, a slight offset
exists in the [Fe/H] vs. A(C) behavior between the UFD
and halo CEMP-no stars. This offset is likely to be asso-
ciated with less dilution of the nucleosynthetic products
from the progenitor stars in UFDs/dSphs, due to their
lower baryonic mass reservoirs compared with the birth
mini-halos of the halo stars. We therefore proceed with
the UFD/dSph parameters for SDSS J1327+3335, and
utilize the halo archetypes for all validation halo stars
considered in this work, according to Table 1.
We determine the classification likelihood, on the basis
of the chi-squared statistic, for both the Ca II K line and
CH G-band,
χ2(f ,E|ξ) =
n∑
i
(fi − Ei)2
(ξEi)2
. (1)
Here, fi and Ei are the normalized fluxes of the observed
and synthetic spectra, respectively, where i represents
each data point in the wavelength range considered, as
shown Table 2. The uncertainty used as denominator in
Eq. 1 is determined as ξEi, where ξ is the inverse of the
SNR, ξ = 1/SNR, for each region, corresponding to a
percent uncertainty (ξ ∈ (0, 1)). The reason we intro-
duce the inverse SNR, ξ, is to derive an uncertainty on
the normalized flux. We discuss the formal estimation
of ξ in Section 3.3. For preliminary classification, this
value is determined separately for Ca II K and the CH
G-band, using the average SNR within the sidebands
listed in Table 2.
We consider the likelihood of each class as the product
of the χ2-distribution probability density function for
each feature:
L(χ2CaII, χ2CH|νCaII, νCH) =
ρ(χ2CaII; νCaII) · ρ(χ2CH; νCH)
(2)
Here, ρ is the χ2 probability distribution, and ν is the
degrees of freedom, (n − 1), for the spectral region of
interest. The product of the χ2 likelihood is used as a
means of mitigating the relative difference in wavelength
range between the Ca II K and the CH G-band features.
For the Ca II K line, we implement a band-switching
scheme according to the KP prescription from Beers
et al. (1990).
∆λCaII =

[3930.7, 3936.7]Å if K6 ≤ 2Å,
[3927.7, 3939.7]Å if K6 ≥ 2,K12 ≤ 5Å,
[3924.7, 3942.7]Å if K12 > 5Å
(3)
Here, K6 and K12 correspond to pseudo-equivalent
widths of the Ca II K line,
Kn =
∫ λ0+n/2
λ0−n/2
(1− f(λ)) dλ, (4)
where λ0 is the rest-frame wavelength of the Ca II K
line, 3933.7Å.
We compute the likelihood, L(χ2CaII, χ2CH), for each
group archetype across the effective temperature range
Teff = [4000, 5000]K, according to the archetype pa-
rameters listed in Table 1. The likelihood of each clas-
sification is considered against the photometric temper-
ature estimate, determined using implementations of
the Infrared Flux Method (IRFM) from Bergeat et al.
(2001), González Hernández & Bonifacio (2009), and
Casagrande et al. (2010). As 2MASS photometry was
not available for SDSS J1327+3335, we make use of
the IRFM10 adopted for the SEGUE Stellar Parame-
ter Pipeline (Lee et al. 2008a,b; Allende Prieto et al.
2008), for which we determine an effective tempera-
ture of 4113K. The resulting log-likelihoods (logL) of
SDSS J1327+3335 and the six validation stars are shown
in Figure 2 and Appendix Figure 7, respectively. We
discuss the detailed results in Section 4.
10 http://www.sdss3.org/dr10/spectro/sspp_irfm.php
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3.3. MLE Parameter Determination
Here we describe the method developed to produce
estimates of Teff , [Fe/H], and [C/Fe]. Best-fit parame-
ters are determined for our medium-resolution spectra
using maximum likelihood spectral matching, for which
we explore our likelihood function by sampling over the
Teff , [Fe/H], and [C/Fe] parameter space of our syn-
thetic library using the Python module emcee (Foreman-
Mackey et al. 2013). This module is based on Goodman
& Weare’s affine invariant Markov Chain Monte Carlo
routine (MCMC; Goodman & Weare 2010). We empha-
size that, while the preliminary CEMP Group classifica-
tion from Section 3.2 motivates the final assignment, the
parameter determination is nevertheless conducted over
the entire synthetic grid range: Teff = [4000, 5000]K,
[Fe/H] = [−4.5,−1.0], and [C/Fe] = [−0.5,+4.5]. The
parameter determination method is essentially indepen-
dent of the Group classification, with the exception that
the initial values for the MCMC are set to the archetype
parameters corresponding to the stars’ CEMP Group
class.
We utilize three spectral features for parameter de-
termination: the Ca II K line (λ0 = 3933.7 Å), the
CH G-band, and the C2 Swan band, located at 4737Å
(Johnson & Merton 1927; Christlieb et al. 2001; Čotar
et al. 2019). While the Ca II K and CH G-band are
sufficient for the preliminary classification, it was found
that the CH G-band saturates at A(C) ' 8.0. As this is
only problematic for Group I stars, the C2 Swan band
is only utilized when A(C) > 8.0.
3.3.1. χ2 Estimation
We estimate the χ2(f |E, ξ) of the model fit for each
feature, using the line bands listed in Table 2 for the
Ca II K line, CH G-band, and C2 Swan band (4737Å).
We consider the following truncated log-χ2 probability
distribution function (pdf) for each absorption feature:
ln ρ˜(χ2; ν) = (
ν
2
− 1) lnχ2 − 1
2
χ2. (5)
Here, ν is the degrees of freedom associated with each
χ2 value. We neglect the additional terms in the χ2 pdf
which depend only on ν, as they are computationally
cumbersome and do not influence the resulting poste-
rior likelihood distributions. However, χ2 is a function
of the assumed inverse SNR, ξ. We include the es-
timate of inverse SNR for each feature as additional
parameters to be determined during optimization. For
convenience, we denote the set ξ = (ξCaII, ξCH, ξC2),
χ2 = (χ2CaII, χ
2
CH, χ
2
C2), and ν = (νCaII, νCH, νC2).
We consider the logarithm of the same likelihood used
in the classification procedure, Eq. 2. However, we in-
clude the C2 Swan band likelihood in the event that
the A(C) exceeds 8.0. For the set of stellar parameters,
θ = (Teff , [Fe/H], [C/Fe]), ξ), the log-likelihood function
is:
lnL(θ|χ2,ν) ∝
ln ρ˜(χ2CaII; νCaII) + ln ρ˜(χ
2
CH; νCH) + ln ρ˜(χ
2
C2; νC2).
(6)
This logarithmic likelihood function is then sampled
across the parameter space of the synthetic library,
Teff = [4000, 5000]K, [Fe/H] = [−4.5,−1.0], and [C/Fe]
= [−0.5,+4.5].
3.3.2. MLE Priors
For effective temperature, we assume a Gaussian prior
about the photometric temperature estimate, Tphot, for
which the standard deviation is set to σ(Tphot) = 250K.
Priors for [Fe/H] and [C/Fe] are taken to be uniform,
within the range of the synthetic library. The inverse
SNR of each feature – ξCaII, ξCH, and ξC2 – corresponds
to a percent uncertainty, ξ ∈ (0, 1). We therefore imple-
ment a beta distribution prior for each, where the mean
and variance in each case is motivated by the SNR esti-
mated from the observed spectrum, using the sidebands
in Table 2 and assuming Poisson dominated noise. This
is equivalent to setting the α and β terms in the beta
distribution. The logarithm of the prior distribution,
ρ(θ), is as follows:
ln ρ(θ|α,β) = Uniform(−4.5 ≤ [Fe/H] ≤ −1.0)
+Uniform(−0.5 ≤ [C/Fe] ≤ +4.5)
+Uniform(4000 ≤ Teff(K) ≤ 5000)
−1
2
ln 2piσ(Tphot)
2 − 1
2
(
Teff − Tphot
σ(Tphot)
)2
+
3∑
j=1
ln ρβ(ξj |αj , βj).
(7)
Here we use the index j to denote the three spectral
features of Ca II K, CH G-band, and C2 Swan band.
We remind the reader that the parameters associated
with the C2 Swan band, ξC2, αC2, and βC2, are only
included when A(C)> 8.0. Otherwise, only Ca II K and
the CH G-band are considered.
We determine the parameters Teff , [Fe/H], [C/Fe], and
ξ, which maximize the likelihood, lnL(θ|χ2,ν), by max-
imizing the posterior distribution of each parameter via
kernel density estimation. The width of the Gaussian
kernel was determined in each case by the standard de-
viation of the posterior distribution in question, from
8 Yoon et al.
Te↵ [K]
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[Fe/H]
<latexit sha1_base64="x//iAS2QHwEmJYn rHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQ e7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOko UhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPF w13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdt P55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQg FHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP 5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit><latexit sha1_base64="x//iAS2QHwEmJYn rHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQ e7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOko UhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPF w13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdt P55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQg FHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP 5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit><latexit sha1_base64="x//iAS2QHwEmJYn rHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQ e7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOko UhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPF w13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdt P55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQg FHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP 5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit><latexit sha1_base64="x//iAS2QHwEmJYn rHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQ e7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOko UhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPF w13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdt P55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQg FHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP 5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit>
⇠CH
<latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8 NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog1 5UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZA tbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7Bg xtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8 NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog1 5UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZA tbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7Bg xtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8 NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog1 5UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZA tbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7Bg xtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8 NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog1 5UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZA tbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7Bg xtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit>
⇠CaII
<latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSw MxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog1 5UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA 6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJn IEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit><latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSw MxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog1 5UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA 6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJn IEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit><latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSw MxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog1 5UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA 6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJn IEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit><latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSw MxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog1 5UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA 6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJn IEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit>
[C/Fe]
<latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1 q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+Z gNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4U gve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=< /latexit><latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1 q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+Z gNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4U gve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=< /latexit><latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1 q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+Z gNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4U gve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=< /latexit><latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1 q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+Z gNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4U gve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=< /latexit>
[F
e/
H
]
<latexit sha1_base64="x//iAS2QHwEmJYnrHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPFw13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdtP55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQgFHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit><latexit sha1_base64="x//iAS2QHwEmJYnrHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPFw13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdtP55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQgFHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit><latexit sha1_base64="x//iAS2QHwEmJYnrHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPFw13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdtP55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQgFHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit><latexit sha1_base64="x//iAS2QHwEmJYnrHsXPnbU3nBc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GNRkB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh443vcr8zAaVFFD7iNAY3YMNQ+IIzzKS+afYQnlAFqXMPFw13VumbVatmzUFXiV2QKinQ7JtfvUHEkwBC5JJp7dhWjG7KFAouYVbpJRpixsdsCE5GQxaAdtP55TN6likD6kcqqxDpXP09kbJA62ngZZ0Bw5Fe9nLxP89J0L9xUxHGCULIF4v8RFKMaB4DHQgFHOU0I4wrkd1K+YgpxjELKw/BXn55lbQva7ZVsx+uqvXbIo4yOSGn5JzY5JrUSYM0SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/AOTvkyc=</latexit>
[C
/F
e]
<latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+ZgNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4Ugve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=</latexit><latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+ZgNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4Ugve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=</latexit><latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+ZgNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4Ugve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=</latexit><latexit sha1_base64="54GIKdQ4uano2Ytd+Vt8+2Ba6DM=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU01E0GOxIB4r2A9IQ9lsJ+3SzQe7k2IJ/SdePCji1X/izX9j0uagrQ8GHu/NMDPPi6XQaFnfRmltfWNzq7xd2dnd2z8wD4/aOkoUhxaPZKS6HtMgRQgtFCihGytggSeh440bud+ZgNIiCh9xGoMbsGEofMEZZlLfNHsIT6iC1Glc3IE7q/TNqlWz5qCrxC5IlRRo9s2v3iDiSQAhcsm0dmwrRjdlCgWXMKv0Eg0x42M2BCejIQtAu+n88hk9y5QB9SOVVYh0rv6eSFmg9TTwss6A4Ugve7n4n+ck6N+4qQjjBCHki0V+IilGNI+BDoQCjnKaEcaVyG6lfMQU45iFlYdgL7+8StqXNduq2Q9X1fptEUeZnJBTck5sck3q5J40SYtwMiHP5JW8GanxYrwbH4vWklHMHJM/MD5/ANzukyI=</latexit>
⇠ C
a
II
<latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJnIEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit><latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJnIEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit><latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJnIEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit><latexit sha1_base64="750QpXoCuNS07CYVi6phfA9ym+c=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHYi71VsB/QXUs2zbahSXZJsmpZ+j+8eFDEq//Fm//GtN2Dtj4YeLw3w8y8MOFMG9f9dlZW19Y3Ngtbxe2d3b390sFhS8epIrRJYh6rTog15UzSpmGG006iKBYhp+1wVJv67QeqNIvlnRknNBB4IFnECDZWuvefWC/zlUA1XK9PeqWyW3FnQMvEy0kZcjR6pS+/H5NUUGkIx1p3PTcxQYaVYYTTSdFPNU0wGeEB7VoqsaA6yGZXT9CpVfooipUtadBM/T2RYaH1WIS2U2Az1IveVPzP66YmugoyJpPUUEnmi6KUIxOjaQSozxQlho8twUQxeysiQ6wwMTaoog3BW3x5mbTOK55b8W4vytXrPI4CHMMJnIEHl1CFG2hAEwgoeIZXeHMenRfn3fmYt644+cwR/IHz+QMAQZIr</latexit>
⇠ C
H
<latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9aSU8ycwh84nz+p4ZFs</latexit>
Te↵ = 4530± 246 K
<latexit sha1_base64="UKvQgqK8h2FqHZ0JSLhqs8GSGEM=">AAACD3icbVDJSg NBEO2JW4zbqEcvjUHxFGZiXC6C6EXwEiFRIRNCT6dGG7tnhu4aMQz5Ay/+ihcPinj16s2/sbMc3B4UPN6roqpemEph0PM+ncLE5NT0THG2NDe/sLjkLq+cmyTTHJo8kYm+ DJkBKWJookAJl6kGpkIJF+HN8cC/uAVtRBI3sJdCW7GrWESCM7RSx91sdPJAKwpR1KcHtLaz7dEgVbRa26UBwh1qldPTfsctexVvCPqX+GNSJmPUO+5H0E14piBGLpkxLd9 LsZ0zjYJL6JeCzEDK+A27gpalMVNg2vnwnz7dsEqXRom2FSMdqt8ncqaM6anQdiqG1+a3NxD/81oZRvvtXMRphhDz0aIokxQTOgiHdoUGjrJnCeNa2Fspv2aacbQRlmwI/u +X/5LzasX3Kv5ZrXx4NI6jSNbIOtkiPtkjh+SE1EmTcHJPHskzeXEenCfn1XkbtRac8cwq+QHn/Qs3qJo/</latexit><latexit sha1_base64="UKvQgqK8h2FqHZ0JSLhqs8GSGEM=">AAACD3icbVDJSg NBEO2JW4zbqEcvjUHxFGZiXC6C6EXwEiFRIRNCT6dGG7tnhu4aMQz5Ay/+ihcPinj16s2/sbMc3B4UPN6roqpemEph0PM+ncLE5NT0THG2NDe/sLjkLq+cmyTTHJo8kYm+ DJkBKWJookAJl6kGpkIJF+HN8cC/uAVtRBI3sJdCW7GrWESCM7RSx91sdPJAKwpR1KcHtLaz7dEgVbRa26UBwh1qldPTfsctexVvCPqX+GNSJmPUO+5H0E14piBGLpkxLd9 LsZ0zjYJL6JeCzEDK+A27gpalMVNg2vnwnz7dsEqXRom2FSMdqt8ncqaM6anQdiqG1+a3NxD/81oZRvvtXMRphhDz0aIokxQTOgiHdoUGjrJnCeNa2Fspv2aacbQRlmwI/u +X/5LzasX3Kv5ZrXx4NI6jSNbIOtkiPtkjh+SE1EmTcHJPHskzeXEenCfn1XkbtRac8cwq+QHn/Qs3qJo/</latexit><latexit sha1_base64="UKvQgqK8h2FqHZ0JSLhqs8GSGEM=">AAACD3icbVDJSg NBEO2JW4zbqEcvjUHxFGZiXC6C6EXwEiFRIRNCT6dGG7tnhu4aMQz5Ay/+ihcPinj16s2/sbMc3B4UPN6roqpemEph0PM+ncLE5NT0THG2NDe/sLjkLq+cmyTTHJo8kYm+ DJkBKWJookAJl6kGpkIJF+HN8cC/uAVtRBI3sJdCW7GrWESCM7RSx91sdPJAKwpR1KcHtLaz7dEgVbRa26UBwh1qldPTfsctexVvCPqX+GNSJmPUO+5H0E14piBGLpkxLd9 LsZ0zjYJL6JeCzEDK+A27gpalMVNg2vnwnz7dsEqXRom2FSMdqt8ncqaM6anQdiqG1+a3NxD/81oZRvvtXMRphhDz0aIokxQTOgiHdoUGjrJnCeNa2Fspv2aacbQRlmwI/u +X/5LzasX3Kv5ZrXx4NI6jSNbIOtkiPtkjh+SE1EmTcHJPHskzeXEenCfn1XkbtRac8cwq+QHn/Qs3qJo/</latexit><latexit sha1_base64="UKvQgqK8h2FqHZ0JSLhqs8GSGEM=">AAACD3icbVDJSg NBEO2JW4zbqEcvjUHxFGZiXC6C6EXwEiFRIRNCT6dGG7tnhu4aMQz5Ay/+ihcPinj16s2/sbMc3B4UPN6roqpemEph0PM+ncLE5NT0THG2NDe/sLjkLq+cmyTTHJo8kYm+ DJkBKWJookAJl6kGpkIJF+HN8cC/uAVtRBI3sJdCW7GrWESCM7RSx91sdPJAKwpR1KcHtLaz7dEgVbRa26UBwh1qldPTfsctexVvCPqX+GNSJmPUO+5H0E14piBGLpkxLd9 LsZ0zjYJL6JeCzEDK+A27gpalMVNg2vnwnz7dsEqXRom2FSMdqt8ncqaM6anQdiqG1+a3NxD/81oZRvvtXMRphhDz0aIokxQTOgiHdoUGjrJnCeNa2Fspv2aacbQRlmwI/u +X/5LzasX3Kv5ZrXx4NI6jSNbIOtkiPtkjh+SE1EmTcHJPHskzeXEenCfn1XkbtRac8cwq+QHn/Qs3qJo/</latexit>
[Fe/H] =  3.38± 0.12
<latexit sha1_base64="8tcb2fdQ0jpD5IFHX6KqL1t0B8g=">AAACCnicbVA9SwNBEN2LX zF+nVrarAbBxningjaCKEhKBROF5Ah7m0myZPfu2J0Tw5Haxr9iY6GIrb/Azn/jJqbQxAcDj/dmmJkXJlIY9LwvJzc1PTM7l58vLCwuLa+4q2tVE6eaQ4XHMta3ITMgRQQVFCjhNtHAVCjhJ uyeD/ybO9BGxNE19hIIFGtHoiU4Qys13M06wj1qldUuYK8c9OkJ3T0oHRzTeqKoV/L3Cw236JW8Iegk8UekSEa4bLif9WbMUwURcsmMqflegkHGNAouoV+opwYSxrusDTVLI6bABNnwlT7dtk qTtmJtK0I6VH9PZEwZ01Oh7VQMO2bcG4j/ebUUW8dBJqIkRYj4z6JWKinGdJALbQoNHGXPEsa1sLdS3mGacbTpDULwx1+eJNX9km8zuzosnp6N4siTDbJFdohPjsgpKZNLUiGcPJAn8kJenU fn2Xlz3n9ac85oZp38gfPxDXbrl4E=</latexit><latexit sha1_base64="8tcb2fdQ0jpD5IFHX6KqL1t0B8g=">AAACCnicbVA9SwNBEN2LX zF+nVrarAbBxningjaCKEhKBROF5Ah7m0myZPfu2J0Tw5Haxr9iY6GIrb/Azn/jJqbQxAcDj/dmmJkXJlIY9LwvJzc1PTM7l58vLCwuLa+4q2tVE6eaQ4XHMta3ITMgRQQVFCjhNtHAVCjhJ uyeD/ybO9BGxNE19hIIFGtHoiU4Qys13M06wj1qldUuYK8c9OkJ3T0oHRzTeqKoV/L3Cw236JW8Iegk8UekSEa4bLif9WbMUwURcsmMqflegkHGNAouoV+opwYSxrusDTVLI6bABNnwlT7dtk qTtmJtK0I6VH9PZEwZ01Oh7VQMO2bcG4j/ebUUW8dBJqIkRYj4z6JWKinGdJALbQoNHGXPEsa1sLdS3mGacbTpDULwx1+eJNX9km8zuzosnp6N4siTDbJFdohPjsgpKZNLUiGcPJAn8kJenU fn2Xlz3n9ac85oZp38gfPxDXbrl4E=</latexit><latexit sha1_base64="8tcb2fdQ0jpD5IFHX6KqL1t0B8g=">AAACCnicbVA9SwNBEN2LX zF+nVrarAbBxningjaCKEhKBROF5Ah7m0myZPfu2J0Tw5Haxr9iY6GIrb/Azn/jJqbQxAcDj/dmmJkXJlIY9LwvJzc1PTM7l58vLCwuLa+4q2tVE6eaQ4XHMta3ITMgRQQVFCjhNtHAVCjhJ uyeD/ybO9BGxNE19hIIFGtHoiU4Qys13M06wj1qldUuYK8c9OkJ3T0oHRzTeqKoV/L3Cw236JW8Iegk8UekSEa4bLif9WbMUwURcsmMqflegkHGNAouoV+opwYSxrusDTVLI6bABNnwlT7dtk qTtmJtK0I6VH9PZEwZ01Oh7VQMO2bcG4j/ebUUW8dBJqIkRYj4z6JWKinGdJALbQoNHGXPEsa1sLdS3mGacbTpDULwx1+eJNX9km8zuzosnp6N4siTDbJFdohPjsgpKZNLUiGcPJAn8kJenU fn2Xlz3n9ac85oZp38gfPxDXbrl4E=</latexit><latexit sha1_base64="8tcb2fdQ0jpD5IFHX6KqL1t0B8g=">AAACCnicbVA9SwNBEN2LX zF+nVrarAbBxningjaCKEhKBROF5Ah7m0myZPfu2J0Tw5Haxr9iY6GIrb/Azn/jJqbQxAcDj/dmmJkXJlIY9LwvJzc1PTM7l58vLCwuLa+4q2tVE6eaQ4XHMta3ITMgRQQVFCjhNtHAVCjhJ uyeD/ybO9BGxNE19hIIFGtHoiU4Qys13M06wj1qldUuYK8c9OkJ3T0oHRzTeqKoV/L3Cw236JW8Iegk8UekSEa4bLif9WbMUwURcsmMqflegkHGNAouoV+opwYSxrusDTVLI6bABNnwlT7dtk qTtmJtK0I6VH9PZEwZ01Oh7VQMO2bcG4j/ebUUW8dBJqIkRYj4z6JWKinGdJALbQoNHGXPEsa1sLdS3mGacbTpDULwx1+eJNX9km8zuzosnp6N4siTDbJFdohPjsgpKZNLUiGcPJAn8kJenU fn2Xlz3n9ac85oZp38gfPxDXbrl4E=</latexit>
⇠CaII = 0.15± 0.01
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⇠CH = 0.14± 0.01
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A(C) = 7.23± 0.25
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SDSSJ1327+3335
[C/Fe] = +2.18± 0.22
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Figure 3. Posterior distributions for SDSS J1327+3335. Best-fit parameters are determined by kernel density estimation
applied to each parameter distribution.
which the standard deviation is reported as the uncer-
tainty estimate, σ(θ), where θ represents the set of the
stellar parameters (Teff , [Fe/H], [C/Fe], and ξ).
Surface gravity estimates are assigned via the Y 2
isochrone interpolation, using the values of Teff and
[Fe/H], determined from the maximum likelihood spec-
tral matching, along with the luminosity class. To es-
timate the uncertainty in the surface gravity, we iter-
atively sample the posterior distributions of Teff and
[Fe/H] to build a distribution of gravity estimates.
4. RESULTS
4.1. Validation of the Methodology
We remind the reader of the two-step methodology –
the assignment of likely group classification using the
archetype parameters and the parameter determination
using the MCMC technique. The results of the CEMP
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Figure 4. Distribution of surface gravity values for SDSS J1327+3335. Surface gravity estimates are produced with the Y 2
isochrone interpolation using the posterior distributions of Teff and [Fe/H] from the MCMC parameter determination. Left panel:
The full Teff , [Fe/H], log g distribution is shown, where color indicates the density of points, determined from kernel density
estimation. Right panel: The distribution of log g values is shown, where the vertical line denotes the maximum likelihood value,
log g = 0.7± 0.4. The shaded region represents the standard deviation.
Group likelihoods using the archetype parameters for
the validation stars are shown in Appendix Figure 7.
These likelihood figures include the corresponding pho-
tometric temperature estimate (black-dashed line) and
its uncertainty of ±150K (shaded region). Our clas-
sification technique indeed well-predicts their original
group classification assigned in Yoon et al. (2016) for
all of the validation stars. We note that the Group II
likelihood was exceedingly low for all Group I validation
stars, and thus we excluded them from the figure, in or-
der to prioritize discrimination between Group I and III
classification..
Stellar parameters Teff , [Fe/H], and [C/Fe] were de-
termined along with the corresponding A(C) value for
each of the validation stars using the maximum likeli-
hood method spectral-matching procedure, as outlined
in Section 3.3. The resulting parameters, including sur-
face gravity, are listed in Table 3, along with those deter-
mined from previous high-resolution spectroscopic stud-
ies for comparison. The corresponding model fits are
shown in Appendix Figures 8 and 9.
In general, our estimates from this technique are
reasonably consistent with the high-resolution spectro-
scopic values for the validation stars. A few exceptions
are explained in more detail below.
Determinations of effective temperature agree with
previous estimates within ±200K, which is a typical ob-
servational error, with the exclusion of HE 1116-0634,
which differs from the Hollek et al. (2011) estimate by
+322K. Estimates of metallicity and carbon abundance
ratios for most of the validation stars generally agree
within ±0.4 dex. However, two of the Group I valida-
tion stars, HE 0319-0215 and HE 0017+0015, studied
by Hansen et al. (2016b), appear to have metallicity
over-estimated by ∼ +0.6 dex, while the A(C) of these
two stars are consistent, which is reasonable, considering
the similar temperature estimates between our results
and theirs. We note that these two stars were observed
for radial-velocity monitoring, thus the average SNR is
about 10, resulting in co-addition of the multiple spectra
to improve their SNR. Thus, the Hansen et al. (2016b)
values are not necessarily better estimates than our re-
sults. For CS 30314-0067, there are two high-resolution
spectroscopic studies by Aoki et al. (2002a) and Roed-
erer et al. (2014). While both of the results are reason-
ably consistent with ours, the A(C) result of Aoki et al.
(2002a) appears to be under-estimated by ∼ −0.5dex
compared to our result.
4.2. Application to SDSS J1327+3335
We apply the same methodology to our science target,
SDSS J1327+3335, taking UFDs/dSphs archetype pa-
rameters for initial Group classification. There is a clear
preference for CEMP Group III classification across the
entire effective temperature range Teff = [4000, 5000]K
as seen in Figure 2. The photometric temperature esti-
mate of 4113K for SDSS J1327+3335 confirms that this
star is a Group III star.
The posterior distributions for Teff , [Fe/H], and
[C/Fe], determined from MCMC maximum likelihood
spectral matching, are shown in Figure 3. We determine
the optimal parameters to be: Teff = 4530 ± 145K,
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Table 3. CEMP Group Validation Stars
Identifier Teff (K) log g [Fe/H] A
a Teff(K) log g [Fe/H] A(C)
a Reference
This work Literature values from high-resolution spectroscopy
Group I
HE 1305+0132 4496 ± 130 0.66 ± 0.38 −2.90 ± 0.11 8.28 ± 0.19 4462 ± 100 0.80 ± 0.30 −2.55 ± 0.50 8.57 ± 0.11 Schuler et al. (2007)
HE 2221-0453 4514 ± 170 0.91 ± 0.42 −2.48 ± 0.11 8.34 ± 0.12 4400b 0.40b −2.27 ± 0.31 8.00 ± 0.31 Aoki et al. (2007)
HE 0319-0215 4439 ± 299 0.51 ± 0.60 −2.89 ± 0.25 8.15 ± 0.30 4448b 0.62b −2.30b 8.13b Hansen et al. (2016b)c
HE 0017+0055 4370 ± 48 0.25 ± 0.13 −3.36 ± 0.17 7.45 ± 0.28 4146b 0.41b −2.80b 7.62b Hansen et al. (2016b)c
Group II
HE 1116-0634 4722 ± 87 1.24 ± 0.26 −3.32 ± 0.06 5.16 ± 0.09 4400b 0.1b −3.73 4.78 ± 0.20 Hollek et al. (2011)
CS 30314-0067 4141 ± 287 −0.20 ± 0.51g −2.71 ± 0.04 6.69 ± 0.09 4400 ± 100 0.7 ± 0.3 −2.85 ± 0.18 6.20 ± 0.18 Aoki et al. (2002a)
CS 30314-0067 4320 ± 12d 0.50 ± 0.10 −3.01 ± 0.06e 6.80f Roederer et al. (2014)
Group III
HE 1310-0536 4904 ± 152 1.66 ± 0.36 −4.20 ± 0.22 6.69 ± 0.32 5000 ± 100 1.9 ± 0.30 −4.15 ± 0.30 6.64 ± 0.23 Hansen et al. (2015)
G 77-61 4174 ± 120 5.07 ± 0.15g −4.36 ± 0.28 7.17 ± 0.35 4000 ± 200 5.05b −4.00 ± 0.15 7.0 ± 0.1 Plez & Cohen (2005)
aReported value from the reference, not evolution-corrected.
bUncertainty was not reported.
cHansen et al. (2016b) observed the star with the FIES spectrograph at the 2.5m Nordic Optical Telescope. The resolving
power of each spectrum is R ∼ 46,000, and the average SNR is ∼10, thus they co-added multiple spectra of a given star to
improve the SNR.
dOriginally reported spectroscopic temperature estimate.
e [M/H], the originally reported metallicity, was derived by using only eight Fe II lines. We note that other typical metal-poor
studies adopt metallicity based on Fe I lines. When considering 91 Fe I lines of this star, the metallicity, [Fe/H], is −3.31± 0.06.
fValue derived using the 2017 version of MOOG (I. Roederer 2019, private communication).
gRepresents values determined from Y 2 isochrone interpolation, fits were performed within log g = [0.0, 5.0], where values
above or below this range were assigned log g = 5.0 or log g = 0.0, respectively.
Te↵ = 4530 K log g = 0.70 [Fe/H] =  3.38 [C/Fe] = 2.18 A(C) = 7.23
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Figure 5. Normalized spectra of SDSS J1327+3335. The left-side panels represent the observed spectra (black lines) carried out
with LBT/MODS. The gray shaded areas represent the wavelength regions of the Ca II K line and the CH G-band, considered
in the maximum likelihood estimation. The right panels shown are close-ups of the shaded regions in the left panels, with the
best-fit synthetic spectra superposed (purple lines).
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[Fe/H] = −3.38 ± 0.07, [C/Fe] = +2.18 ± 0.22, cor-
responding to A(C)= 7.23 ± 0.23. We note that this
temperature is higher than the photometric estimate
obtained from g − i photometry, 4113K. However, pho-
tometric temperatures for carbon-enhanced stars – par-
ticularly those produced from bluer filters – are quite
often underestimated, due to the strong carbon bands
across the optical spectrum. An effective temperature
and metallicity of Teff = 4530K and [Fe/H] = −3.38
corresponds to a surface gravity of log g = 0.7, deter-
mined by the Y 2 isochrone interpolation. We estimate
the uncertainty in the surface gravity determination by
sampling the posterior distributions of Teff and [Fe/H],
the result of which is shown in shown in Figure 4. The
scatter in surface gravity is largely driven by the scatter
in the effective temperature, resulting in an estimate
of log g = 0.7 ± 0.4. The best-fit normalized synthetic
spectrum of SDSS J1327+3335 is shown in the bottom
panel of Figure 5. We can confirm the luminosity class of
SDSS J1327+3335 as a giant based on its null parallax
(pi = −0.3605 ± 0.4190 mas) and small proper motion
(µra = −0.567 ± 0.568 mas yr−1, µdec = 0.471 ± 0.300
mas yr−1) from Gaia Data Release 2 (Gaia Collabora-
tion et al. 2016, 2018; Arenou et al. 2018). We note
that this star also possesses a radial velocity of 36 ±
20 km s−1, commensurate with that of other members
of the CVn I dwarf satellite (Zucker et al. 2006).
Since SDSS J1327+3335 is a late-type giant, it is clear
that this star has gone through at least one dredge-
up episode during its evolution. We attempt to re-
cover the original carbon abundance from application
of the carbon evolutionary correction calculator11 of
Placco et al. (2014), obtaining a change in the carbon of
∆[C/Fe] = +0.28 dex. The final corrected carbon abun-
dance is A(C) = 7.51 ([C/Fe] = +2.46). The rest of our
discussion below refers to these corrected abundances.
5. DISCUSSION
CVn I is a distant, faint dwarf galaxy, with a helio-
centric distance of ∼220 kpc (Zucker et al. 2006). Its
absolute magnitude, MV ∼ −7.9, makes it a galaxy
similar to the Draco and Ursa Minor dwarf spheroidals
(dSph), but its half-light radius, ∼ 550 pc, is larger
than the others. Therefore, various studies have noted
that CVn I is likely a dSph, rather than a UFD galaxy
(e.g., Simon 2019). The likely CVn I membership of
SDSS J1327+3335 is not only based on its spatial loca-
tion, but also its heliocentric radial velocity (consistent
with the galaxy), in addition to the astrometric results
noted above. However, since this star is very faint (g ∼
11 https://vplacco.pythonanywhere.com/
20.5) and strongly carbon enhanced, a metallicity de-
termination was not available (SNR < 2 at 4000Å and
median SNR ∼ 7 over the entire wavelength region of
its SDSS spectrum). Even though there have been spec-
troscopic follow-up observations (Ibata et al. 2006; Mar-
tin et al. 2007; Simon & Geha 2007; Kirby et al. 2010;
François et al. 2016) from which metallicity and [α/Fe]
abundances for many stars in CVn I (mean metallicity is
−1.98±0.01 from Kirby et al. 2011) have been obtained,
carbon-abundance estimates of the stars in this galaxy,
including SDSS J1327+3335, have not been previously
reported.
Figure 6 shows the Yoon-Beers diagram of A(C)-
[Fe/H] for CEMP stars found in dwarf satellite galaxies.
We used the same sample of stars as Yoon et al. (2019),
which includes both dSphs (Draco, Sextans, Sculptor,
and Ursa Minor) and several UFDs (Bootes I, Reticu-
lum II, Segue I, Tucana II, Pisces II, and Ursa Major
II). Note that we did not draw an ellipse for Group I,
because there is only one Group I star (from Segue I).
The location of SDSS J1327+3335 in the CEMP group
morphology shown in Figure 6 confirms that it is a
CEMP Group III star. Confirmation of its CEMP-no
status with a Ba abundance measurement12 is not yet
available, but it appears quite likely based on its A(C)
and metallicity.
The Yoon-Beers diagram (Yoon et al. 2016) reveals a
strong correlation between the Group III CEMP stars
and CEMP-no stars, and the association of the Group
I stars with the CEMP-s stars, with the exception of
“anomalous” CEMP-no stars in the Group I region. This
distinction is also manifested in Figure 3 (the A(Ba)-
A(C) diagram) of Yoon et al. (2019), which clearly
shows that Group III CEMP-no stars are well-separated
( & +3.0 dex from the mean A(Ba)) from the CEMP-s
stars. Hence, the Yoon-Beers diagram of A(C)-[Fe/H]
can be used for a “first-approximation” diagnostic for
identifying the likely nucleosynthetic origin of CEMP
stars. There are several known extremely metal-poor
and many very metal-poor stars in the CVn I galaxy
(Kirby et al. 2010), thus we expect to find more CEMP-
no stars in this system once measurements of carbon
abundance are completed (E. Kirby, priv. comm.)
According to Yoon et al. (2019), the classical dSph
galaxies appear to possess only Group II CEMP-no
stars, which may result from several causes: 1) The
characteristically higher A(C) associated with Group III
12 The carbon-veiling problem is prevalent over the entire spec-
trum of SDSS J1327+3335, preventing spectral synthesis of other
important elemental abundances, such as Ba, for confirming its
nucleosynthetic origin.
12 Yoon et al.
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Figure 6. The CEMP group morphology for dwarf galaxies (adapted from Yoon et al. 2019). The red star represents the location
of SDSS J1327+3335. The cyan ’x’s and maroon ’+’s represent CEMP stars from the dSphs and the UFDs, respectively. The
orange and green ellipses represent the suggested CEMP Groups III and II, respectively. The gray lines represent [C/Fe] =
+0.7.
CEMP-no stars may have been diluted by the larger
baryonic masses associated with dSph galaxies com-
pared to UFD galaxies. 2) The additional production
of iron associated with prolonged star-formation histo-
ries in dSphs compared to UFDs (e.g., Tolstoy et al.
2009; Salvadori et al. 2015; de Bennassuti et al. 2017)
may even reach levels where individual stars are not rec-
ognized as CEMP stars ([C/Fe] < +0.7). 3) A different
class of nucleosynthetic origins such as spinstars or faint
supernovae (Umeda & Nomoto 2003, 2005; Meynet et al.
2006, 2010; Nomoto et al. 2013; Chiappini 2013; Tomi-
naga et al. 2014; Maeder & Meynet 2015; Frischknecht
et al. 2012, 2016; Yoon et al. 2016; Choplin et al. 2017).
4) Differences in the original pollution pathways (inter-
nal vs. external pollution, e.g., Smith et al. 2015; Chiaki
et al. 2018; Chiaki & Wise 2019). 5) Differences in the
available cooling agents (Group II: silicate-grain cooling
vs. Group III: carbon-grain cooling; see Chiaki et al.
2017) of the natal clouds could result in predominance
of the Group II CEMP-no stars in the dSphs.
Thus, the Group III CEMP-no status of SDSS J1327+3335
is intriguing, and may indicate that CVn I might have
had an unusual star-formation history compared to
other dSphs. Indeed, based on both Keck/DEIMOS
spectroscopic and deep LBT photometric observations
(Ibata et al. 2006; Martin et al. 2007; Kuehn et al. 2008;
Martin et al. 2008), CVn I has been claimed to host two
distinct stellar populations – an extended metal-poor
population (−2.5 < [Fe/H] < −2.0) with hot kinemat-
ics and a more metal-rich population (−2.0 < [Fe/H]
< −1.5) with a near-zero velocity dispersion, concen-
trated on its center, although this dichotomy has been
challenged by a kinematic study using more than 200
stars (Simon & Geha 2007). Perhaps SDSS J1327+3335
is a member of the extremely metal-poor population in
CVn I, which might had been accreted into its halo.
Identification of additional Group II and III CEMP-no
stars in this system should enable better understanding
of the chemical evolution and accretion history of the
CVn I galaxy.
6. CONCLUSIONS
We have presented an analysis of medium-resolution
optical spectroscopy of SDSS J1327+3335 and G 77-61,
taken with the LBT MODS spectrographs, and devel-
oped a novel methodology to analyze such challenging
cool (Teff < 4500K) CEMP stars. We identified the star
SDSS J1327+3335 as the first likely Group III CEMP-no
([Fe/H] = −3.38, [C/Fe] = +2.46, and A(C) = 7.51) star
in the CVn I dwarf satellite galaxy, using our archety-
pal classification - parameter determination methodol-
ogy based on maximum likelihood spectral matching.
This procedure was validated for each CEMP Group
using spectra from the Hamburg/ESO survey, in ad-
dition to CS 30314-0067 and G 77-61, a well-known
dwarf carbon star, all of which have published high-
resolution analyses. The Group III CEMP-no classi-
fication for SDSS J1327+3335 appears to be unusual
among CEMP-no stars from the dSphs, which are pre-
dominantly associated with Group II stars (Yoon et al.
2019). The apparently complex star-formation history
of this galaxy may be responsible. The association of
CEMP-no groups with a particular nucleosynthetic ori-
gin (and/or accretion origin) will provide information
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on both the chemodynamical assembly histories of indi-
vidual dwarf galaxies and the halo system of the Milky
Way.
We plan to apply our methodology to mitigate the ef-
fects of strong molecular carbon veiling, which compli-
cates identification of the continuum around the region
of the Ca H&K lines and the CH G-band for other cool
CEMP EMP/UMP candidates from: 1) our ongoing
"Best and Farthest" survey (Yoon et al. 2018a), observ-
ing with LBT/MODS and Gemini/GMOS, 2) numerous
other cool CEMP stars with strong carbon veiling ob-
served during the course of follow-up spectroscopy over
the past few decades of metal-poor candidates from the
HK survey (e.g., Beers et al. 1992), 3) the list of CEMP
candidates provided by Christlieb et al. (2008), and 4)
very cool CEMP stars from the medium-resolution spec-
troscopic surveys such as the SDSS, the AAOmega Evo-
lution of Galactic Structure (AEGIS) survey (Yoon et al.
2018b), and the Large Sky Area Multi-Object Fiber
Spectroscopic Telescope survey (LAMOST; Cui et al.
2012). This methodology can be widely applicable to nu-
merous data from the future large moderate-resolution
spectroscopic surveys such as the Dark Energy Spectro-
scopic Instrument(DESI; Levi et al. 2019) survey, the
William Herschel Telescope Enhanced Area Velocity Ex-
plorer (WEAVE; Dalton et al. 2018) and 4MOST (de
Jong et al. 2019). These efforts will allow us not only to
expedite the discovery process of the most metal-poor
stars, but also to calculate frequencies of CEMP groups
separately, and, in turn, provide insights regarding the
shape of the FIMF.
We are currently preparing an open source Python
package of our new methodology for public use. In the
near future, we also plan to extend our synthetic spec-
tral grid to include CEMP stars with even lower effec-
tive temperatures (to Teff = 3500K), in order to bet-
ter address cooler stars than included in our present
grid. Once these grids are available, the versatility of
our methodology will extend to probe/constrain the low
end of IMF of Population II stars through application to
the numerous cool dwarf and giant carbon stars known,
and allow us to understand the transition from the FIMF
to the current-day IMF.
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Figure 7. CEMP Group likelihoods (lnL, Eq. 2) for the validation stars. Likelihoods are based on the CEMP group archetype
parameters in Table 1. The vertical line represents the photometric temperature estimate, with ±150K shading.
APPENDIX
Here we present the fitting results for our validation stars, all of which have published high-resolution spectroscopic
analyses.
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⇠CH
<latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit>
⇠CH
<latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit>
⇠CH
<latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit>
⇠C2 = 0.06
<latexit sha1_base64="nmtp+HXGv7Zyn3h+72IYLz4kT/U=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqswUUTdCsRuXFewDOsOQSTNtaJIZko w4DPVX3LhQxK0f4s6/MW1noa0HLvdwzr3k5oQJo0o7zrdVWlvf2Nwqb1d2dvf2D+zDo66KU4lJB8cslv0QKcKoIB1NNSP9RBLEQ0Z64aQ183sPRCoai3udJcTnaCRoRDHSRgrsqvdIg9yTHLYaU3gNnbpzEdg10+aAq8QtSA0UaAf2lzeMccqJ0JghpQauk2g/R1JTzMi04qWKJAhP0IgMDBWIE+Xn8+On 8NQoQxjF0pTQcK7+3sgRVyrjoZnkSI/VsjcT//MGqY6u/JyKJNVE4MVDUcqgjuEsCTikkmDNMkMQltTcCvEYSYS1yatiQnCXv7xKuo2669Tdu/Na86aIowyOwQk4Ay64BE1wC9qgAzDIwDN4BW/Wk/VivVsfi9GSVexUwR9Ynz8MrZMO</latexit><latexit sha1_base64="nmtp+HXGv7Zyn3h+72IYLz4kT/U=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqswUUTdCsRuXFewDOsOQSTNtaJIZko w4DPVX3LhQxK0f4s6/MW1noa0HLvdwzr3k5oQJo0o7zrdVWlvf2Nwqb1d2dvf2D+zDo66KU4lJB8cslv0QKcKoIB1NNSP9RBLEQ0Z64aQ183sPRCoai3udJcTnaCRoRDHSRgrsqvdIg9yTHLYaU3gNnbpzEdg10+aAq8QtSA0UaAf2lzeMccqJ0JghpQauk2g/R1JTzMi04qWKJAhP0IgMDBWIE+Xn8+On 8NQoQxjF0pTQcK7+3sgRVyrjoZnkSI/VsjcT//MGqY6u/JyKJNVE4MVDUcqgjuEsCTikkmDNMkMQltTcCvEYSYS1yatiQnCXv7xKuo2669Tdu/Na86aIowyOwQk4Ay64BE1wC9qgAzDIwDN4BW/Wk/VivVsfi9GSVexUwR9Ynz8MrZMO</latexit><latexit sha1_base64="nmtp+HXGv7Zyn3h+72IYLz4kT/U=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqswUUTdCsRuXFewDOsOQSTNtaJIZko w4DPVX3LhQxK0f4s6/MW1noa0HLvdwzr3k5oQJo0o7zrdVWlvf2Nwqb1d2dvf2D+zDo66KU4lJB8cslv0QKcKoIB1NNSP9RBLEQ0Z64aQ183sPRCoai3udJcTnaCRoRDHSRgrsqvdIg9yTHLYaU3gNnbpzEdg10+aAq8QtSA0UaAf2lzeMccqJ0JghpQauk2g/R1JTzMi04qWKJAhP0IgMDBWIE+Xn8+On 8NQoQxjF0pTQcK7+3sgRVyrjoZnkSI/VsjcT//MGqY6u/JyKJNVE4MVDUcqgjuEsCTikkmDNMkMQltTcCvEYSYS1yatiQnCXv7xKuo2669Tdu/Na86aIowyOwQk4Ay64BE1wC9qgAzDIwDN4BW/Wk/VivVsfi9GSVexUwR9Ynz8MrZMO</latexit><latexit sha1_base64="nmtp+HXGv7Zyn3h+72IYLz4kT/U=">AAAB/HicbVDLSgMxFM3UV62v0S7dBIvgqswUUTdCsRuXFewDOsOQSTNtaJIZko w4DPVX3LhQxK0f4s6/MW1noa0HLvdwzr3k5oQJo0o7zrdVWlvf2Nwqb1d2dvf2D+zDo66KU4lJB8cslv0QKcKoIB1NNSP9RBLEQ0Z64aQ183sPRCoai3udJcTnaCRoRDHSRgrsqvdIg9yTHLYaU3gNnbpzEdg10+aAq8QtSA0UaAf2lzeMccqJ0JghpQauk2g/R1JTzMi04qWKJAhP0IgMDBWIE+Xn8+On 8NQoQxjF0pTQcK7+3sgRVyrjoZnkSI/VsjcT//MGqY6u/JyKJNVE4MVDUcqgjuEsCTikkmDNMkMQltTcCvEYSYS1yatiQnCXv7xKuo2669Tdu/Na86aIowyOwQk4Ay64BE1wC9qgAzDIwDN4BW/Wk/VivVsfi9GSVexUwR9Ynz8MrZMO</latexit>
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Te↵ = 4496 K [Fe/H] =  2.90 [C/Fe] = +2.75 A(C) = 8.28
<latexit sha1_base64="Lz0Ro0gQV7ELd3NdQ5Ou9nHmIqA=">AA ACe3icdVFda9swFJW9rzbd1mx7LJTLwli2ta4dkjV9CHQLlMJeOmjaQmyCrFw3opJtJHksGP+J/rS+9Z/0pTAlzcbabBcEh3PO1ZXOjXPBtf H9a8d99PjJ02crq7W15y9ertdfvT7RWaEYDlgmMnUWU42Cpzgw3Ag8yxVSGQs8jS/6M/30ByrNs/TYTHOMJD1PecIZNZYa1S+PR2WoJGCSV NCDdnvvM4QGfxolS/hWQTjROWVY+l7QYbL6ow0PcOcwqnrbLW/P/7+rv3OA0eziTy1vtwNLRvjS/O3tVx960PVa3VG94Xv+vGAZBAvQIIs6G tWvwnHGCompYYJqPQz83EQlVYYzgVUtLDTaqRf0HIcWplSijsp5dhW8s8wYkkzZkxqYs393lFRqPZWxdUpqJvqhNiP/pQ0Lk3Sjkqd5YTBld 4OSQoDJYLYIGHOFzIipBZQpbt8KbEIVZcauq2ZDCB5+eRmctLzARvm93dj/uohjhWyQt6RJArJL9skhOSIDwsiNs+m8d5rOrdtwP7pbd1bX WfS8IffK7fwCnpe6yA==</latexit><latexit sha1_base64="Lz0Ro0gQV7ELd3NdQ5Ou9nHmIqA=">AA ACe3icdVFda9swFJW9rzbd1mx7LJTLwli2ta4dkjV9CHQLlMJeOmjaQmyCrFw3opJtJHksGP+J/rS+9Z/0pTAlzcbabBcEh3PO1ZXOjXPBtf H9a8d99PjJ02crq7W15y9ertdfvT7RWaEYDlgmMnUWU42Cpzgw3Ag8yxVSGQs8jS/6M/30ByrNs/TYTHOMJD1PecIZNZYa1S+PR2WoJGCSV NCDdnvvM4QGfxolS/hWQTjROWVY+l7QYbL6ow0PcOcwqnrbLW/P/7+rv3OA0eziTy1vtwNLRvjS/O3tVx960PVa3VG94Xv+vGAZBAvQIIs6G tWvwnHGCompYYJqPQz83EQlVYYzgVUtLDTaqRf0HIcWplSijsp5dhW8s8wYkkzZkxqYs393lFRqPZWxdUpqJvqhNiP/pQ0Lk3Sjkqd5YTBld 4OSQoDJYLYIGHOFzIipBZQpbt8KbEIVZcauq2ZDCB5+eRmctLzARvm93dj/uohjhWyQt6RJArJL9skhOSIDwsiNs+m8d5rOrdtwP7pbd1bX WfS8IffK7fwCnpe6yA==</latexit><latexit sha1_base64="Lz0Ro0gQV7ELd3NdQ5Ou9nHmIqA=">AA ACe3icdVFda9swFJW9rzbd1mx7LJTLwli2ta4dkjV9CHQLlMJeOmjaQmyCrFw3opJtJHksGP+J/rS+9Z/0pTAlzcbabBcEh3PO1ZXOjXPBtf H9a8d99PjJ02crq7W15y9ertdfvT7RWaEYDlgmMnUWU42Cpzgw3Ag8yxVSGQs8jS/6M/30ByrNs/TYTHOMJD1PecIZNZYa1S+PR2WoJGCSV NCDdnvvM4QGfxolS/hWQTjROWVY+l7QYbL6ow0PcOcwqnrbLW/P/7+rv3OA0eziTy1vtwNLRvjS/O3tVx960PVa3VG94Xv+vGAZBAvQIIs6G tWvwnHGCompYYJqPQz83EQlVYYzgVUtLDTaqRf0HIcWplSijsp5dhW8s8wYkkzZkxqYs393lFRqPZWxdUpqJvqhNiP/pQ0Lk3Sjkqd5YTBld 4OSQoDJYLYIGHOFzIipBZQpbt8KbEIVZcauq2ZDCB5+eRmctLzARvm93dj/uohjhWyQt6RJArJL9skhOSIDwsiNs+m8d5rOrdtwP7pbd1bX WfS8IffK7fwCnpe6yA==</latexit><latexit sha1_base64="Lz0Ro0gQV7ELd3NdQ5Ou9nHmIqA=">AA ACe3icdVFda9swFJW9rzbd1mx7LJTLwli2ta4dkjV9CHQLlMJeOmjaQmyCrFw3opJtJHksGP+J/rS+9Z/0pTAlzcbabBcEh3PO1ZXOjXPBtf H9a8d99PjJ02crq7W15y9ertdfvT7RWaEYDlgmMnUWU42Cpzgw3Ag8yxVSGQs8jS/6M/30ByrNs/TYTHOMJD1PecIZNZYa1S+PR2WoJGCSV NCDdnvvM4QGfxolS/hWQTjROWVY+l7QYbL6ow0PcOcwqnrbLW/P/7+rv3OA0eziTy1vtwNLRvjS/O3tVx960PVa3VG94Xv+vGAZBAvQIIs6G tWvwnHGCompYYJqPQz83EQlVYYzgVUtLDTaqRf0HIcWplSijsp5dhW8s8wYkkzZkxqYs393lFRqPZWxdUpqJvqhNiP/pQ0Lk3Sjkqd5YTBld 4OSQoDJYLYIGHOFzIipBZQpbt8KbEIVZcauq2ZDCB5+eRmctLzARvm93dj/uohjhWyQt6RJArJL9skhOSIDwsiNs+m8d5rOrdtwP7pbd1bX WfS8IffK7fwCnpe6yA==</latexit>
Te↵ = 4514 K [Fe/H] =  2.48 [C/Fe] = +2.39 A(C) = 8.34
<latexit sha1_base64="KPgBsh4eLs9KCguLPmbgb+A0ToA=">AA ACe3icdVFda9swFJXdbuuyr2x7HBSxMJZ9uXbqsOwh0DZQCnvpoGkLsQmyct2ISraRrsuC8Z/YT9tb/0lfClXSbGzNdkFwOOdcXencpJDCoO 9fOu7a+r37DzYeNh49fvL0WfP5i2OTl5rDkOcy16cJMyBFBkMUKOG00MBUIuEkOR/M9ZML0Ebk2RHOCogVO8tEKjhDS42bP47GVaQVhTSta Z+G3SCkEcJ31KqiX2saTU3BOFS+F3S5qn9ro33YOojr/qeOF/b+7xps7UM8v/hDx9v+QleMdLf9yzuo3/Vpz9sOx82W7/mLoqsgWIIWWdbhu PkzmuS8VJAhl8yYUeAXGFdMo+AS6kZUGrBTz9kZjCzMmAITV4vsavrGMhOa5tqeDOmC/bOjYsqYmUqsUzGcmrvanPyXNiox7cWVyIoSIeO3g 9JSUszpfBF0IjRwlDMLGNfCvpXyKdOMo11Xw4YQ3P3yKjjueIGN8lvY2tlbxrFBXpHXpE0C8pnskANySIaEkytn03nrtJ1rt+W+dz/eWl1n 2fOS/FVu9waNT7q/</latexit><latexit sha1_base64="KPgBsh4eLs9KCguLPmbgb+A0ToA=">AA ACe3icdVFda9swFJXdbuuyr2x7HBSxMJZ9uXbqsOwh0DZQCnvpoGkLsQmyct2ISraRrsuC8Z/YT9tb/0lfClXSbGzNdkFwOOdcXencpJDCoO 9fOu7a+r37DzYeNh49fvL0WfP5i2OTl5rDkOcy16cJMyBFBkMUKOG00MBUIuEkOR/M9ZML0Ebk2RHOCogVO8tEKjhDS42bP47GVaQVhTSta Z+G3SCkEcJ31KqiX2saTU3BOFS+F3S5qn9ro33YOojr/qeOF/b+7xps7UM8v/hDx9v+QleMdLf9yzuo3/Vpz9sOx82W7/mLoqsgWIIWWdbhu PkzmuS8VJAhl8yYUeAXGFdMo+AS6kZUGrBTz9kZjCzMmAITV4vsavrGMhOa5tqeDOmC/bOjYsqYmUqsUzGcmrvanPyXNiox7cWVyIoSIeO3g 9JSUszpfBF0IjRwlDMLGNfCvpXyKdOMo11Xw4YQ3P3yKjjueIGN8lvY2tlbxrFBXpHXpE0C8pnskANySIaEkytn03nrtJ1rt+W+dz/eWl1n 2fOS/FVu9waNT7q/</latexit><latexit sha1_base64="KPgBsh4eLs9KCguLPmbgb+A0ToA=">AA ACe3icdVFda9swFJXdbuuyr2x7HBSxMJZ9uXbqsOwh0DZQCnvpoGkLsQmyct2ISraRrsuC8Z/YT9tb/0lfClXSbGzNdkFwOOdcXencpJDCoO 9fOu7a+r37DzYeNh49fvL0WfP5i2OTl5rDkOcy16cJMyBFBkMUKOG00MBUIuEkOR/M9ZML0Ebk2RHOCogVO8tEKjhDS42bP47GVaQVhTSta Z+G3SCkEcJ31KqiX2saTU3BOFS+F3S5qn9ro33YOojr/qeOF/b+7xps7UM8v/hDx9v+QleMdLf9yzuo3/Vpz9sOx82W7/mLoqsgWIIWWdbhu PkzmuS8VJAhl8yYUeAXGFdMo+AS6kZUGrBTz9kZjCzMmAITV4vsavrGMhOa5tqeDOmC/bOjYsqYmUqsUzGcmrvanPyXNiox7cWVyIoSIeO3g 9JSUszpfBF0IjRwlDMLGNfCvpXyKdOMo11Xw4YQ3P3yKjjueIGN8lvY2tlbxrFBXpHXpE0C8pnskANySIaEkytn03nrtJ1rt+W+dz/eWl1n 2fOS/FVu9waNT7q/</latexit><latexit sha1_base64="KPgBsh4eLs9KCguLPmbgb+A0ToA=">AA ACe3icdVFda9swFJXdbuuyr2x7HBSxMJZ9uXbqsOwh0DZQCnvpoGkLsQmyct2ISraRrsuC8Z/YT9tb/0lfClXSbGzNdkFwOOdcXencpJDCoO 9fOu7a+r37DzYeNh49fvL0WfP5i2OTl5rDkOcy16cJMyBFBkMUKOG00MBUIuEkOR/M9ZML0Ebk2RHOCogVO8tEKjhDS42bP47GVaQVhTSta Z+G3SCkEcJ31KqiX2saTU3BOFS+F3S5qn9ro33YOojr/qeOF/b+7xps7UM8v/hDx9v+QleMdLf9yzuo3/Vpz9sOx82W7/mLoqsgWIIWWdbhu PkzmuS8VJAhl8yYUeAXGFdMo+AS6kZUGrBTz9kZjCzMmAITV4vsavrGMhOa5tqeDOmC/bOjYsqYmUqsUzGcmrvanPyXNiox7cWVyIoSIeO3g 9JSUszpfBF0IjRwlDMLGNfCvpXyKdOMo11Xw4YQ3P3yKjjueIGN8lvY2tlbxrFBXpHXpE0C8pnskANySIaEkytn03nrtJ1rt+W+dz/eWl1n 2fOS/FVu9waNT7q/</latexit>
Te↵ = 4439 K [Fe/H] =  2.89 [C/Fe] = +2.61 A(C) = 8.15
<latexit sha1_base64="j2xmYtPk/4LHEvfZSK/6iX9gJwA=">AA ACe3icdVFdSxtBFJ1dbavph6k+CjI0lKatrrsxtvEhYBsQoS8WjArZJcxO7prBmd1l5m5pWPZP9Kf1zX/Sl4KTmIo17YWBwznnzp05N86lMO j71467tPzo8ZOV1drTZ89frNVfrp+ZrNAc+jyTmb6ImQEpUuijQAkXuQamYgnn8VVvqp9/A21Elp7iJIdIsctUJIIztNSw/uN0WIZaUUiSi nZpu713QEOE76hVSb9UNBybnHEofS/Y56q60wZHsHscVd2dltc5+L+rt3sE0fTi9y3vQ0AXjPRT84+3V73t0o7lh/WG7/mzoosgmIMGmdfJs P4zHGW8UJAil8yYQeDnGJVMo+ASqlpYGLBTr9glDCxMmQITlbPsKvraMiOaZNqeFOmMvd9RMmXMRMXWqRiOzUNtSv5LGxSYdKJSpHmBkPLbQ UkhKWZ0ugg6Eho4yokFjGth30r5mGnG0a6rZkMIHn55EZy1vMBG+bXdOPw8j2OFbJJXpEkC8pEckmNyQvqEk1/OlvPGaTq/3Yb7zt2+tbrO vGeD/FXu/g2YsLrE</latexit><latexit sha1_base64="j2xmYtPk/4LHEvfZSK/6iX9gJwA=">AA ACe3icdVFdSxtBFJ1dbavph6k+CjI0lKatrrsxtvEhYBsQoS8WjArZJcxO7prBmd1l5m5pWPZP9Kf1zX/Sl4KTmIo17YWBwznnzp05N86lMO j71467tPzo8ZOV1drTZ89frNVfrp+ZrNAc+jyTmb6ImQEpUuijQAkXuQamYgnn8VVvqp9/A21Elp7iJIdIsctUJIIztNSw/uN0WIZaUUiSi nZpu713QEOE76hVSb9UNBybnHEofS/Y56q60wZHsHscVd2dltc5+L+rt3sE0fTi9y3vQ0AXjPRT84+3V73t0o7lh/WG7/mzoosgmIMGmdfJs P4zHGW8UJAil8yYQeDnGJVMo+ASqlpYGLBTr9glDCxMmQITlbPsKvraMiOaZNqeFOmMvd9RMmXMRMXWqRiOzUNtSv5LGxSYdKJSpHmBkPLbQ UkhKWZ0ugg6Eho4yokFjGth30r5mGnG0a6rZkMIHn55EZy1vMBG+bXdOPw8j2OFbJJXpEkC8pEckmNyQvqEk1/OlvPGaTq/3Yb7zt2+tbrO vGeD/FXu/g2YsLrE</latexit><latexit sha1_base64="j2xmYtPk/4LHEvfZSK/6iX9gJwA=">AA ACe3icdVFdSxtBFJ1dbavph6k+CjI0lKatrrsxtvEhYBsQoS8WjArZJcxO7prBmd1l5m5pWPZP9Kf1zX/Sl4KTmIo17YWBwznnzp05N86lMO j71467tPzo8ZOV1drTZ89frNVfrp+ZrNAc+jyTmb6ImQEpUuijQAkXuQamYgnn8VVvqp9/A21Elp7iJIdIsctUJIIztNSw/uN0WIZaUUiSi nZpu713QEOE76hVSb9UNBybnHEofS/Y56q60wZHsHscVd2dltc5+L+rt3sE0fTi9y3vQ0AXjPRT84+3V73t0o7lh/WG7/mzoosgmIMGmdfJs P4zHGW8UJAil8yYQeDnGJVMo+ASqlpYGLBTr9glDCxMmQITlbPsKvraMiOaZNqeFOmMvd9RMmXMRMXWqRiOzUNtSv5LGxSYdKJSpHmBkPLbQ UkhKWZ0ugg6Eho4yokFjGth30r5mGnG0a6rZkMIHn55EZy1vMBG+bXdOPw8j2OFbJJXpEkC8pEckmNyQvqEk1/OlvPGaTq/3Yb7zt2+tbrO vGeD/FXu/g2YsLrE</latexit><latexit sha1_base64="j2xmYtPk/4LHEvfZSK/6iX9gJwA=">AA ACe3icdVFdSxtBFJ1dbavph6k+CjI0lKatrrsxtvEhYBsQoS8WjArZJcxO7prBmd1l5m5pWPZP9Kf1zX/Sl4KTmIo17YWBwznnzp05N86lMO j71467tPzo8ZOV1drTZ89frNVfrp+ZrNAc+jyTmb6ImQEpUuijQAkXuQamYgnn8VVvqp9/A21Elp7iJIdIsctUJIIztNSw/uN0WIZaUUiSi nZpu713QEOE76hVSb9UNBybnHEofS/Y56q60wZHsHscVd2dltc5+L+rt3sE0fTi9y3vQ0AXjPRT84+3V73t0o7lh/WG7/mzoosgmIMGmdfJs P4zHGW8UJAil8yYQeDnGJVMo+ASqlpYGLBTr9glDCxMmQITlbPsKvraMiOaZNqeFOmMvd9RMmXMRMXWqRiOzUNtSv5LGxSYdKJSpHmBkPLbQ UkhKWZ0ugg6Eho4yokFjGth30r5mGnG0a6rZkMIHn55EZy1vMBG+bXdOPw8j2OFbJJXpEkC8pEckmNyQvqEk1/OlvPGaTq/3Yb7zt2+tbrO vGeD/FXu/g2YsLrE</latexit>
Te↵ = 4370 K [Fe/H] =  3.36 [C/Fe] = +2.39 A(C) = 7.45
<latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AA AB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/ +gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KD DUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtd maJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit ><latexit sha1_base64="4vi8Zjiuuw/EVmoxHHOQoc+sh/g=">AA ACcHicdVFdaxNBFJ3d+lFj1eirIBeDGD+63W1aow8BJVAKvlRo2kJ2CbOTu83Qmd1l5m4xLPsn/Gm++U98EZykUbTRCwOHc87cO3NuWippKQ y/ef7GjZu3bm/ead3dunf/Qfvh1oktKiNwJApVmLOUW1QyxxFJUnhWGuQ6VXiaXgwX+uklGiuL/JjmJSaan+cyk4KToybtL8eTOjYaMMsaG MBerx9CTPiZjK7hYwPxzJZcYB0G0b7QzW9tfIA7h0kz2O4FvTf/dw13DjBZNH61G/TewZoRPnR/eYfNiwH0g739SbsTBuGyYB1EK9Bhqzqat L/G00JUGnMSils7jsKSkpobkkJh04ori27qBT/HsYM512iTepldA88cM4WsMO7kBEv2zxs119bOdeqcmtPMXtcW5L+0cUXZ26SWeVkR5uJqU FYpoAIWi4CpNChIzR3gwkj3VhAzbrggt66WCyG6/uV1cLIbRC7KTyHbZI/ZU9ZlEeuz9+yQHbERE+y798R77nW9H37Hf3kVl++tcnvE/ir/ 9U93ornX</latexit><latexit sha1_base64="4vi8Zjiuuw/EVmoxHHOQoc+sh/g=">AA ACcHicdVFdaxNBFJ3d+lFj1eirIBeDGD+63W1aow8BJVAKvlRo2kJ2CbOTu83Qmd1l5m4xLPsn/Gm++U98EZykUbTRCwOHc87cO3NuWippKQ y/ef7GjZu3bm/ead3dunf/Qfvh1oktKiNwJApVmLOUW1QyxxFJUnhWGuQ6VXiaXgwX+uklGiuL/JjmJSaan+cyk4KToybtL8eTOjYaMMsaG MBerx9CTPiZjK7hYwPxzJZcYB0G0b7QzW9tfIA7h0kz2O4FvTf/dw13DjBZNH61G/TewZoRPnR/eYfNiwH0g739SbsTBuGyYB1EK9Bhqzqat L/G00JUGnMSils7jsKSkpobkkJh04ori27qBT/HsYM512iTepldA88cM4WsMO7kBEv2zxs119bOdeqcmtPMXtcW5L+0cUXZ26SWeVkR5uJqU FYpoAIWi4CpNChIzR3gwkj3VhAzbrggt66WCyG6/uV1cLIbRC7KTyHbZI/ZU9ZlEeuz9+yQHbERE+y798R77nW9H37Hf3kVl++tcnvE/ir/ 9U93ornX</latexit><latexit sha1_base64="dND4AyqnwmGVHxlwdiC7okeec9U=">AA ACe3icdVFdSxtBFJ1dbdX0K+qjUC4NpWlr111jmvYhYBsQoS8WjArZJcxO7prBmd1lZlYalv0T/Wm++U98EZzEtLSmvTBwOOfcuTPnxrng2v j+teMuLT96vLK6Vnvy9NnzF/X1jROdFYphn2UiU2cx1Sh4in3DjcCzXCGVscDT+KI31U8vUWmepcdmkmMk6XnKE86osdSw/vN4WIZKAiZJB V3Ya3V8CA3+MEqW8K2CcKxzyrD0vaDNZPVbGxzgzmFUdT+0vNbH/7t6OwcYTS9+v+u1PsOCEb40f3l71dsudLy99rDe8D1/VrAIgjlokHkdD etX4ShjhcTUMEG1HgR+bqKSKsOZwKoWFhrt1At6jgMLUypRR+UsuwpeW2YESabsSQ3M2D87Siq1nsjYOiU1Y/1Qm5L/0gaFST5FJU/zwmDK7 gclhQCTwXQRMOIKmRETCyhT3L4V2JgqyoxdV82GEDz88iI42fUCG+V3v7H/dR7HKtkir0iTBKRD9skhOSJ9wsiN89J54zSdW7fhvnO3762u M+/ZJH+V274DifG6ug==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit><latexit sha1_base64="cAjrV/DkWsbxRTttno+tvFtYA7U=">AA ACe3icdVFda9swFJW9ry7dR7Y9DopYGMu2zrWbZGkfAm0DpbCXDpq2EJsgK9eNqGQb6XosGP+J/rS+9Z/sZTAlzUrbbBcEh3PO1ZXOjXMpDP r+leM+ePjo8ZOVp7XVZ89fvKy/en1sskJzGPBMZvo0ZgakSGGAAiWc5hqYiiWcxOf9mX7yA7QRWXqE0xwixc5SkQjO0FKj+sXRqAy1opAkF e3Rdqvr0xDhJ2pV0m8VDScmZxxK3ws6XFU32nAfNg6iqvel5bW+/t/V39iHaHbx502vtU2XjHS3+dfbrz72aNdrd0b1hu/586LLIFiABlnU4 ah+GY4zXihIkUtmzDDwc4xKplFwCVUtLAzYqefsDIYWpkyBicp5dhV9b5kxTTJtT4p0zt7uKJkyZqpi61QMJ+a+NiP/pQ0LTLaiUqR5gZDy6 0FJISlmdLYIOhYaOMqpBYxrYd9K+YRpxtGuq2ZDCO5/eRkcb3qBjfJ7u7Gzt4hjhbwl70iTBKRLdsgBOSQDwskvZ8354DSd327D/eSuX1td Z9Hzhtwpt/MHizG6vg==</latexit>
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Figure 8. MCMC MLE Model fits (purple) of the Ca II K (left column), CH G-band (center column), and C2 Swan band (right
column), for the Group I validation stars: HE 1305+0132, HE 2221-0453, HE 0319-0215, and HE 0017+0055. The gray regions
correspond to the wavelength range considered in each absorption feature. Shading about the model fit represents the inverse
SNR for each feature (ξ = 1/SNR), determined from maximum likelihood estimation.
18 Yoon et al.
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<latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit><latexit sha1_base64="XW/YvW3JcYmNHzzCfMhJ0yD77kU=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GOxlx4r2A 9oQtlsN+3S3U3Y3Ygl9G948aCIV/+MN/+NmzYHbX0w8Hhvhpl5YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71w2sz93iNVmsXywcwSGgg8lixiBBsr+f4TG2a+EqjZmg+rNbfuLoDWiVeQGhRoD6tf/igmqaDSEI61 HnhuYoIMK8MIp/OKn2qaYDLFYzqwVGJBdZAtbp6jC6uMUBQrW9Kghfp7IsNC65kIbafAZqJXvVz8zxukJroNMiaT1FBJlouilCMTozwANGKKEsNnlmCimL0VkQlWmBgbU8WG4K2+vE66V3XPrXv317XGXRFHGc7gHC7BgxtoQAva0AECCTzDK7w5qfPivDsfy9 aSU8ycwh84nz+p4ZFs</latexit>
HE 1116-0034
<latexit sha1_base64="zoRowZ703Ojs4I2eyI/kfZAGCTQ=">AAAB/nicbVDLSgNBEJz1GeNrVTx5WQyCF8OMBvUYFC HHCOYByRJmJ7PJkNkHM71iWCL+ihcPinj1O7z5N06SPWhiQUNR1U13lxdLoQHjb2thcWl5ZTW3ll/f2Nzatnd26zpKFOM1FslINT2quRQhr4EAyZux4jTwJG94g+ux37jnSosovINhzN2A9kLhC0bBSB17vw38AVSQVm4eCSHnJxiflUYdu4CLeAJnn pCMFFCGasf+ancjlgQ8BCap1i2CY3BTqkAwyUf5dqJ5TNmA9njL0JAGXLvp5PyRc2SUruNHylQIzkT9PZHSQOth4JnOgEJfz3pj8T+vlYB/6aYijBPgIZsu8hPpQOSMs3C6QnEGcmgIZUqYWx3Wp4oyMInlTQhk9uV5Uj8tElwkt6VC+SqLI4cO0CE6 RgRdoDKqoCqqIYZS9Ixe0Zv1ZL1Y79bHtHXBymb20B9Ynz8U0ZQ9</latexit><latexit sha1_base64="zoRowZ703Ojs4I2eyI/kfZAGCTQ=">AAAB/nicbVDLSgNBEJz1GeNrVTx5WQyCF8OMBvUYFC HHCOYByRJmJ7PJkNkHM71iWCL+ihcPinj1O7z5N06SPWhiQUNR1U13lxdLoQHjb2thcWl5ZTW3ll/f2Nzatnd26zpKFOM1FslINT2quRQhr4EAyZux4jTwJG94g+ux37jnSosovINhzN2A9kLhC0bBSB17vw38AVSQVm4eCSHnJxiflUYdu4CLeAJnn pCMFFCGasf+ancjlgQ8BCap1i2CY3BTqkAwyUf5dqJ5TNmA9njL0JAGXLvp5PyRc2SUruNHylQIzkT9PZHSQOth4JnOgEJfz3pj8T+vlYB/6aYijBPgIZsu8hPpQOSMs3C6QnEGcmgIZUqYWx3Wp4oyMInlTQhk9uV5Uj8tElwkt6VC+SqLI4cO0CE6 RgRdoDKqoCqqIYZS9Ixe0Zv1ZL1Y79bHtHXBymb20B9Ynz8U0ZQ9</latexit><latexit sha1_base64="zoRowZ703Ojs4I2eyI/kfZAGCTQ=">AAAB/nicbVDLSgNBEJz1GeNrVTx5WQyCF8OMBvUYFC HHCOYByRJmJ7PJkNkHM71iWCL+ihcPinj1O7z5N06SPWhiQUNR1U13lxdLoQHjb2thcWl5ZTW3ll/f2Nzatnd26zpKFOM1FslINT2quRQhr4EAyZux4jTwJG94g+ux37jnSosovINhzN2A9kLhC0bBSB17vw38AVSQVm4eCSHnJxiflUYdu4CLeAJnn pCMFFCGasf+ancjlgQ8BCap1i2CY3BTqkAwyUf5dqJ5TNmA9njL0JAGXLvp5PyRc2SUruNHylQIzkT9PZHSQOth4JnOgEJfz3pj8T+vlYB/6aYijBPgIZsu8hPpQOSMs3C6QnEGcmgIZUqYWx3Wp4oyMInlTQhk9uV5Uj8tElwkt6VC+SqLI4cO0CE6 RgRdoDKqoCqqIYZS9Ixe0Zv1ZL1Y79bHtHXBymb20B9Ynz8U0ZQ9</latexit><latexit sha1_base64="zoRowZ703Ojs4I2eyI/kfZAGCTQ=">AAAB/nicbVDLSgNBEJz1GeNrVTx5WQyCF8OMBvUYFC HHCOYByRJmJ7PJkNkHM71iWCL+ihcPinj1O7z5N06SPWhiQUNR1U13lxdLoQHjb2thcWl5ZTW3ll/f2Nzatnd26zpKFOM1FslINT2quRQhr4EAyZux4jTwJG94g+ux37jnSosovINhzN2A9kLhC0bBSB17vw38AVSQVm4eCSHnJxiflUYdu4CLeAJnn pCMFFCGasf+ancjlgQ8BCap1i2CY3BTqkAwyUf5dqJ5TNmA9njL0JAGXLvp5PyRc2SUruNHylQIzkT9PZHSQOth4JnOgEJfz3pj8T+vlYB/6aYijBPgIZsu8hPpQOSMs3C6QnEGcmgIZUqYWx3Wp4oyMInlTQhk9uV5Uj8tElwkt6VC+SqLI4cO0CE6 RgRdoDKqoCqqIYZS9Ixe0Zv1ZL1Y79bHtHXBymb20B9Ynz8U0ZQ9</latexit>
CS 30314-0067
<latexit sha1_base64="jybVg8dZtTDrG8wkwEn0Z3P3niI=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8GKYNcF4DObiMa J5QLKE2clsMmT2wUyvGNYI/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cbCa4A428js7S8srqWXc9tbG5t75i7ew0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13WF14jfvmFQ8DG5hFDHHJ/2Ae5wS0FLXPOgAuwfpJ9WbxyIu2qVTjM/L466ZxwU8hbVI7JTkUYpa 1/zq9EIa+ywAKohSbRtH4CREAqeCjXOdWLGI0CHps7amAfGZcpLp/WPrWCs9ywulrgCsqfp7IiG+UiPf1Z0+gYGa9ybif147Bu/CSXgQxcACOlvkxcKC0JqEYfW4ZBTESBNCJde3WnRAJKGgI8vpEOz5lxdJ46xg44J9XcpXLtM4sugQHaETZKMyqqArVEN1RN EDekav6M14Ml6Md+Nj1pox0pl99AfG5w+jb5SI</latexit><latexit sha1_base64="jybVg8dZtTDrG8wkwEn0Z3P3niI=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8GKYNcF4DObiMa J5QLKE2clsMmT2wUyvGNYI/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cbCa4A428js7S8srqWXc9tbG5t75i7ew0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13WF14jfvmFQ8DG5hFDHHJ/2Ae5wS0FLXPOgAuwfpJ9WbxyIu2qVTjM/L466ZxwU8hbVI7JTkUYpa 1/zq9EIa+ywAKohSbRtH4CREAqeCjXOdWLGI0CHps7amAfGZcpLp/WPrWCs9ywulrgCsqfp7IiG+UiPf1Z0+gYGa9ybif147Bu/CSXgQxcACOlvkxcKC0JqEYfW4ZBTESBNCJde3WnRAJKGgI8vpEOz5lxdJ46xg44J9XcpXLtM4sugQHaETZKMyqqArVEN1RN EDekav6M14Ml6Md+Nj1pox0pl99AfG5w+jb5SI</latexit><latexit sha1_base64="jybVg8dZtTDrG8wkwEn0Z3P3niI=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8GKYNcF4DObiMa J5QLKE2clsMmT2wUyvGNYI/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cbCa4A428js7S8srqWXc9tbG5t75i7ew0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13WF14jfvmFQ8DG5hFDHHJ/2Ae5wS0FLXPOgAuwfpJ9WbxyIu2qVTjM/L466ZxwU8hbVI7JTkUYpa 1/zq9EIa+ywAKohSbRtH4CREAqeCjXOdWLGI0CHps7amAfGZcpLp/WPrWCs9ywulrgCsqfp7IiG+UiPf1Z0+gYGa9ybif147Bu/CSXgQxcACOlvkxcKC0JqEYfW4ZBTESBNCJde3WnRAJKGgI8vpEOz5lxdJ46xg44J9XcpXLtM4sugQHaETZKMyqqArVEN1RN EDekav6M14Ml6Md+Nj1pox0pl99AfG5w+jb5SI</latexit><latexit sha1_base64="jybVg8dZtTDrG8wkwEn0Z3P3niI=">AAAB/3icbVDLSgNBEJyNrxhfq4IXL4tB8GKYNcF4DObiMa J5QLKE2clsMmT2wUyvGNYI/ooXD4p49Te8+TdOkj1oYkFDUdVNd5cbCa4A428js7S8srqWXc9tbG5t75i7ew0VxpKyOg1FKFsuUUzwgNWBg2CtSDLiu4I13WF14jfvmFQ8DG5hFDHHJ/2Ae5wS0FLXPOgAuwfpJ9WbxyIu2qVTjM/L466ZxwU8hbVI7JTkUYpa 1/zq9EIa+ywAKohSbRtH4CREAqeCjXOdWLGI0CHps7amAfGZcpLp/WPrWCs9ywulrgCsqfp7IiG+UiPf1Z0+gYGa9ybif147Bu/CSXgQxcACOlvkxcKC0JqEYfW4ZBTESBNCJde3WnRAJKGgI8vpEOz5lxdJ46xg44J9XcpXLtM4sugQHaETZKMyqqArVEN1RN EDekav6M14Ml6Md+Nj1pox0pl99AfG5w+jb5SI</latexit>
HE 1310-0536
<latexit sha1_base64="pzWhQCV8h8e98cl1DfX3fMuyYSI=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEL4Zp43YMipBjBLNAMoSeTi dp0rPQXSOGIeKvePGgiFe/w5t/YyeZgyY+KHi8V0VVPS+SQoPjfFuZhcWl5ZXsam5tfWNzy97eqekwVoxXWShD1fCo5lIEvAoCJG9EilPfk7zuDa7Hfv2eKy3C4A6GEXd92gtEVzAKRmrbey3gD6D8pHzzSIrEOXbOiuejtp13Cs4EeJ6QlORRikrb/mp1Qhb7PAAmqdZN4kTgJlSB YJKPcq1Y84iyAe3xpqEB9bl2k8n5I3xolA7uhspUAHii/p5IqK/10PdMp0+hr2e9sfif14yhe+kmIohi4AGbLurGEkOIx1ngjlCcgRwaQpkS5lbM+lRRBiaxnAmBzL48T2onBeIUyO1pvnSVxpFF++gAHSGCLlAJlVEFVRFDCXpGr+jNerJerHfrY9qasdKZXfQH1ucPGVqUQA==</l atexit><latexit sha1_base64="pzWhQCV8h8e98cl1DfX3fMuyYSI=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEL4Zp43YMipBjBLNAMoSeTi dp0rPQXSOGIeKvePGgiFe/w5t/YyeZgyY+KHi8V0VVPS+SQoPjfFuZhcWl5ZXsam5tfWNzy97eqekwVoxXWShD1fCo5lIEvAoCJG9EilPfk7zuDa7Hfv2eKy3C4A6GEXd92gtEVzAKRmrbey3gD6D8pHzzSIrEOXbOiuejtp13Cs4EeJ6QlORRikrb/mp1Qhb7PAAmqdZN4kTgJlSB YJKPcq1Y84iyAe3xpqEB9bl2k8n5I3xolA7uhspUAHii/p5IqK/10PdMp0+hr2e9sfif14yhe+kmIohi4AGbLurGEkOIx1ngjlCcgRwaQpkS5lbM+lRRBiaxnAmBzL48T2onBeIUyO1pvnSVxpFF++gAHSGCLlAJlVEFVRFDCXpGr+jNerJerHfrY9qasdKZXfQH1ucPGVqUQA==</l atexit><latexit sha1_base64="pzWhQCV8h8e98cl1DfX3fMuyYSI=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEL4Zp43YMipBjBLNAMoSeTi dp0rPQXSOGIeKvePGgiFe/w5t/YyeZgyY+KHi8V0VVPS+SQoPjfFuZhcWl5ZXsam5tfWNzy97eqekwVoxXWShD1fCo5lIEvAoCJG9EilPfk7zuDa7Hfv2eKy3C4A6GEXd92gtEVzAKRmrbey3gD6D8pHzzSIrEOXbOiuejtp13Cs4EeJ6QlORRikrb/mp1Qhb7PAAmqdZN4kTgJlSB YJKPcq1Y84iyAe3xpqEB9bl2k8n5I3xolA7uhspUAHii/p5IqK/10PdMp0+hr2e9sfif14yhe+kmIohi4AGbLurGEkOIx1ngjlCcgRwaQpkS5lbM+lRRBiaxnAmBzL48T2onBeIUyO1pvnSVxpFF++gAHSGCLlAJlVEFVRFDCXpGr+jNerJerHfrY9qasdKZXfQH1ucPGVqUQA==</l atexit><latexit sha1_base64="pzWhQCV8h8e98cl1DfX3fMuyYSI=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgEL4Zp43YMipBjBLNAMoSeTi dp0rPQXSOGIeKvePGgiFe/w5t/YyeZgyY+KHi8V0VVPS+SQoPjfFuZhcWl5ZXsam5tfWNzy97eqekwVoxXWShD1fCo5lIEvAoCJG9EilPfk7zuDa7Hfv2eKy3C4A6GEXd92gtEVzAKRmrbey3gD6D8pHzzSIrEOXbOiuejtp13Cs4EeJ6QlORRikrb/mp1Qhb7PAAmqdZN4kTgJlSB YJKPcq1Y84iyAe3xpqEB9bl2k8n5I3xolA7uhspUAHii/p5IqK/10PdMp0+hr2e9sfif14yhe+kmIohi4AGbLurGEkOIx1ngjlCcgRwaQpkS5lbM+lRRBiaxnAmBzL48T2onBeIUyO1pvnSVxpFF++gAHSGCLlAJlVEFVRFDCXpGr+jNerJerHfrY9qasdKZXfQH1ucPGVqUQA==</l atexit>
G 77-61
<latexit sha1_base64="wG9zqrv8TQRr3nbdaUlx/r8u0uc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXxHosetBjBfsB7VKyadqGJt klmS2Wpf4SLx4U8eo/8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tndc/cP6iZKNGU1GolIN0NimOCK1YCDYM1YMyJDwRrh8GbqN0ZMGx6pBxjHLJCkr3iPUwJW6rhuG9gjaJnePpXLZ5f+pOMWvZI3A14mfkaKKEO14361uxFNJFNABTGm5XsxBCnRwKlgk0I7MSwmdEj6rGWp IpKZIJ1dPsEnVuniXqRtKcAz9fdESqQxYxnaTklgYBa9qfif10qgdxWkXMUJMEXni3qJwBDhaQy4yzWjIMaWEKq5vRXTAdGEgg2rYEPwF19eJvXzku+V/PuLYuU6iyOPjtAxOkU+KqMKukNVVEMUjdAzekVvTuq8OO/Ox7w152Qzh+gPnM8fuA6TCg==</latexit><latexit sha1_base64="wG9zqrv8TQRr3nbdaUlx/r8u0uc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXxHosetBjBfsB7VKyadqGJt klmS2Wpf4SLx4U8eo/8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tndc/cP6iZKNGU1GolIN0NimOCK1YCDYM1YMyJDwRrh8GbqN0ZMGx6pBxjHLJCkr3iPUwJW6rhuG9gjaJnePpXLZ5f+pOMWvZI3A14mfkaKKEO14361uxFNJFNABTGm5XsxBCnRwKlgk0I7MSwmdEj6rGWp IpKZIJ1dPsEnVuniXqRtKcAz9fdESqQxYxnaTklgYBa9qfif10qgdxWkXMUJMEXni3qJwBDhaQy4yzWjIMaWEKq5vRXTAdGEgg2rYEPwF19eJvXzku+V/PuLYuU6iyOPjtAxOkU+KqMKukNVVEMUjdAzekVvTuq8OO/Ox7w152Qzh+gPnM8fuA6TCg==</latexit><latexit sha1_base64="wG9zqrv8TQRr3nbdaUlx/r8u0uc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXxHosetBjBfsB7VKyadqGJt klmS2Wpf4SLx4U8eo/8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tndc/cP6iZKNGU1GolIN0NimOCK1YCDYM1YMyJDwRrh8GbqN0ZMGx6pBxjHLJCkr3iPUwJW6rhuG9gjaJnePpXLZ5f+pOMWvZI3A14mfkaKKEO14361uxFNJFNABTGm5XsxBCnRwKlgk0I7MSwmdEj6rGWp IpKZIJ1dPsEnVuniXqRtKcAz9fdESqQxYxnaTklgYBa9qfif10qgdxWkXMUJMEXni3qJwBDhaQy4yzWjIMaWEKq5vRXTAdGEgg2rYEPwF19eJvXzku+V/PuLYuU6iyOPjtAxOkU+KqMKukNVVEMUjdAzekVvTuq8OO/Ox7w152Qzh+gPnM8fuA6TCg==</latexit><latexit sha1_base64="wG9zqrv8TQRr3nbdaUlx/r8u0uc=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBi2VXxHosetBjBfsB7VKyadqGJt klmS2Wpf4SLx4U8eo/8ea/MW33oK0PBh7vzTAzL4wFN+B5305uZXVtfSO/Wdja3tndc/cP6iZKNGU1GolIN0NimOCK1YCDYM1YMyJDwRrh8GbqN0ZMGx6pBxjHLJCkr3iPUwJW6rhuG9gjaJnePpXLZ5f+pOMWvZI3A14mfkaKKEO14361uxFNJFNABTGm5XsxBCnRwKlgk0I7MSwmdEj6rGWp IpKZIJ1dPsEnVuniXqRtKcAz9fdESqQxYxnaTklgYBa9qfif10qgdxWkXMUJMEXni3qJwBDhaQy4yzWjIMaWEKq5vRXTAdGEgg2rYEPwF19eJvXzku+V/PuLYuU6iyOPjtAxOkU+KqMKukNVVEMUjdAzekVvTuq8OO/Ox7w152Qzh+gPnM8fuA6TCg==</latexit>
Te↵ = 4722 K [Fe/H] =  3.32 [C/Fe] = +0.05 A(C) = 5.16
<latexit sha1_base64="LjcAwbZf821jotG4f7o0PkG/xkM=">A AACe3icdVFdaxNBFJ3d+lHjV9RHQS4GMX5td9PG+hKoBkrBlwpNW8guYXZytxk6s7vM3C2GZf+EP803/4kvgpM0ijZ6YeBwzrlzZ85NSy UtheE3z9+4dv3Gzc1brdt37t67337w8NgWlRE4EoUqzGnKLSqZ44gkKTwtDXKdKjxJz4cL/eQCjZVFfkTzEhPNz3KZScHJUZP2l6NJHRs NmGUNDGBnt9eDmPAzGV3DxwbimS25wDoMor7QzW9tvI9bB0kzeLMdbPf+7xpu7WOyuPhVGIR9WDPC++4v77B5MYB+EL2dtDvOvCxYB9EK dNiqDiftr/G0EJXGnITi1o6jsKSk5oakUNi04sqim3rOz3DsYM412qReZtfAM8dMISuMOznBkv2zo+ba2rlOnVNzmtmr2oL8lzauKHuX1 DIvK8JcXA7KKgVUwGIRMJUGBam5A1wY6d4KYsYNF+TW1XIhRFe/vA6Oe0Hkovy009n7sIpjkz1mT1mXRWyX7bEDdshGTLDv3hPvudf1fv gd/6X/+tLqe6ueR+yv8vs/AXDUuq4=</latexit><latexit sha1_base64="LjcAwbZf821jotG4f7o0PkG/xkM=">A AACe3icdVFdaxNBFJ3d+lHjV9RHQS4GMX5td9PG+hKoBkrBlwpNW8guYXZytxk6s7vM3C2GZf+EP803/4kvgpM0ijZ6YeBwzrlzZ85NSy UtheE3z9+4dv3Gzc1brdt37t67337w8NgWlRE4EoUqzGnKLSqZ44gkKTwtDXKdKjxJz4cL/eQCjZVFfkTzEhPNz3KZScHJUZP2l6NJHRs NmGUNDGBnt9eDmPAzGV3DxwbimS25wDoMor7QzW9tvI9bB0kzeLMdbPf+7xpu7WOyuPhVGIR9WDPC++4v77B5MYB+EL2dtDvOvCxYB9EK dNiqDiftr/G0EJXGnITi1o6jsKSk5oakUNi04sqim3rOz3DsYM412qReZtfAM8dMISuMOznBkv2zo+ba2rlOnVNzmtmr2oL8lzauKHuX1 DIvK8JcXA7KKgVUwGIRMJUGBam5A1wY6d4KYsYNF+TW1XIhRFe/vA6Oe0Hkovy009n7sIpjkz1mT1mXRWyX7bEDdshGTLDv3hPvudf1fv gd/6X/+tLqe6ueR+yv8vs/AXDUuq4=</latexit><latexit sha1_base64="LjcAwbZf821jotG4f7o0PkG/xkM=">A AACe3icdVFdaxNBFJ3d+lHjV9RHQS4GMX5td9PG+hKoBkrBlwpNW8guYXZytxk6s7vM3C2GZf+EP803/4kvgpM0ijZ6YeBwzrlzZ85NSy UtheE3z9+4dv3Gzc1brdt37t67337w8NgWlRE4EoUqzGnKLSqZ44gkKTwtDXKdKjxJz4cL/eQCjZVFfkTzEhPNz3KZScHJUZP2l6NJHRs NmGUNDGBnt9eDmPAzGV3DxwbimS25wDoMor7QzW9tvI9bB0kzeLMdbPf+7xpu7WOyuPhVGIR9WDPC++4v77B5MYB+EL2dtDvOvCxYB9EK dNiqDiftr/G0EJXGnITi1o6jsKSk5oakUNi04sqim3rOz3DsYM412qReZtfAM8dMISuMOznBkv2zo+ba2rlOnVNzmtmr2oL8lzauKHuX1 DIvK8JcXA7KKgVUwGIRMJUGBam5A1wY6d4KYsYNF+TW1XIhRFe/vA6Oe0Hkovy009n7sIpjkz1mT1mXRWyX7bEDdshGTLDv3hPvudf1fv gd/6X/+tLqe6ueR+yv8vs/AXDUuq4=</latexit><latexit sha1_base64="LjcAwbZf821jotG4f7o0PkG/xkM=">A AACe3icdVFdaxNBFJ3d+lHjV9RHQS4GMX5td9PG+hKoBkrBlwpNW8guYXZytxk6s7vM3C2GZf+EP803/4kvgpM0ijZ6YeBwzrlzZ85NSy UtheE3z9+4dv3Gzc1brdt37t67337w8NgWlRE4EoUqzGnKLSqZ44gkKTwtDXKdKjxJz4cL/eQCjZVFfkTzEhPNz3KZScHJUZP2l6NJHRs NmGUNDGBnt9eDmPAzGV3DxwbimS25wDoMor7QzW9tvI9bB0kzeLMdbPf+7xpu7WOyuPhVGIR9WDPC++4v77B5MYB+EL2dtDvOvCxYB9EK dNiqDiftr/G0EJXGnITi1o6jsKSk5oakUNi04sqim3rOz3DsYM412qReZtfAM8dMISuMOznBkv2zo+ba2rlOnVNzmtmr2oL8lzauKHuX1 DIvK8JcXA7KKgVUwGIRMJUGBam5A1wY6d4KYsYNF+TW1XIhRFe/vA6Oe0Hkovy009n7sIpjkz1mT1mXRWyX7bEDdshGTLDv3hPvudf1fv gd/6X/+tLqe6ueR+yv8vs/AXDUuq4=</latexit>
Te↵ = 4141 K [Fe/H] =  2.71 [C/Fe] = +0.98 A(C) = 6.70
<latexit sha1_base64="Pf8vzTBDM4If5RofWawQ1mRTawU=">A AACe3icdVFda9swFJXdfXTpPtL2cTDEQln25VolbbqHQLdAKeylhaYtxCbIynUjKtlGui4Lxn9iP21v+yd7GUxJs7E22wXB4ZxzdaVzk0 JJi2H43fNX7t1/8HD1UWPt8ZOnz5rrG2c2L42AgchVbi4SbkHJDAYoUcFFYYDrRMF5ctWf6efXYKzMs1OcFhBrfpnJVAqOjho1v56Oqsh oCmla0x7tsA6jEcIXNLqin2saTWzBBVRhwHaFrv9ow0PYPorr3vudoMv+7+pvH0I8u/htGHzYp0tG+rH929uvX/foXtANR81WGITzosuA LUCLLOp41PwWjXNRashQKG7tkIUFxhU3KIWCuhGVFtzUK34JQwczrsHG1Ty7mm45ZkzT3LiTIZ2zf3dUXFs71Ylzao4Te1ebkf/ShiWm+ 3Els6JEyMTNoLRUFHM6WwQdSwMC1dQBLox0b6Viwg0X6NbVcCGwu19eBmc7AXNRnnRaB58WcayS5+QlaRNGuuSAHJFjMiCC/PBeeK+8tv fTb/lv/Hc3Vt9b9GySW+Xv/gJ/6bq4</latexit><latexit sha1_base64="Pf8vzTBDM4If5RofWawQ1mRTawU=">A AACe3icdVFda9swFJXdfXTpPtL2cTDEQln25VolbbqHQLdAKeylhaYtxCbIynUjKtlGui4Lxn9iP21v+yd7GUxJs7E22wXB4ZxzdaVzk0 JJi2H43fNX7t1/8HD1UWPt8ZOnz5rrG2c2L42AgchVbi4SbkHJDAYoUcFFYYDrRMF5ctWf6efXYKzMs1OcFhBrfpnJVAqOjho1v56Oqsh oCmla0x7tsA6jEcIXNLqin2saTWzBBVRhwHaFrv9ow0PYPorr3vudoMv+7+pvH0I8u/htGHzYp0tG+rH929uvX/foXtANR81WGITzosuA LUCLLOp41PwWjXNRashQKG7tkIUFxhU3KIWCuhGVFtzUK34JQwczrsHG1Ty7mm45ZkzT3LiTIZ2zf3dUXFs71Ylzao4Te1ebkf/ShiWm+ 3Els6JEyMTNoLRUFHM6WwQdSwMC1dQBLox0b6Viwg0X6NbVcCGwu19eBmc7AXNRnnRaB58WcayS5+QlaRNGuuSAHJFjMiCC/PBeeK+8tv fTb/lv/Hc3Vt9b9GySW+Xv/gJ/6bq4</latexit><latexit sha1_base64="Pf8vzTBDM4If5RofWawQ1mRTawU=">A AACe3icdVFda9swFJXdfXTpPtL2cTDEQln25VolbbqHQLdAKeylhaYtxCbIynUjKtlGui4Lxn9iP21v+yd7GUxJs7E22wXB4ZxzdaVzk0 JJi2H43fNX7t1/8HD1UWPt8ZOnz5rrG2c2L42AgchVbi4SbkHJDAYoUcFFYYDrRMF5ctWf6efXYKzMs1OcFhBrfpnJVAqOjho1v56Oqsh oCmla0x7tsA6jEcIXNLqin2saTWzBBVRhwHaFrv9ow0PYPorr3vudoMv+7+pvH0I8u/htGHzYp0tG+rH929uvX/foXtANR81WGITzosuA LUCLLOp41PwWjXNRashQKG7tkIUFxhU3KIWCuhGVFtzUK34JQwczrsHG1Ty7mm45ZkzT3LiTIZ2zf3dUXFs71Ylzao4Te1ebkf/ShiWm+ 3Els6JEyMTNoLRUFHM6WwQdSwMC1dQBLox0b6Viwg0X6NbVcCGwu19eBmc7AXNRnnRaB58WcayS5+QlaRNGuuSAHJFjMiCC/PBeeK+8tv fTb/lv/Hc3Vt9b9GySW+Xv/gJ/6bq4</latexit><latexit sha1_base64="Pf8vzTBDM4If5RofWawQ1mRTawU=">A AACe3icdVFda9swFJXdfXTpPtL2cTDEQln25VolbbqHQLdAKeylhaYtxCbIynUjKtlGui4Lxn9iP21v+yd7GUxJs7E22wXB4ZxzdaVzk0 JJi2H43fNX7t1/8HD1UWPt8ZOnz5rrG2c2L42AgchVbi4SbkHJDAYoUcFFYYDrRMF5ctWf6efXYKzMs1OcFhBrfpnJVAqOjho1v56Oqsh oCmla0x7tsA6jEcIXNLqin2saTWzBBVRhwHaFrv9ow0PYPorr3vudoMv+7+pvH0I8u/htGHzYp0tG+rH929uvX/foXtANR81WGITzosuA LUCLLOp41PwWjXNRashQKG7tkIUFxhU3KIWCuhGVFtzUK34JQwczrsHG1Ty7mm45ZkzT3LiTIZ2zf3dUXFs71Ylzao4Te1ebkf/ShiWm+ 3Els6JEyMTNoLRUFHM6WwQdSwMC1dQBLox0b6Viwg0X6NbVcCGwu19eBmc7AXNRnnRaB58WcayS5+QlaRNGuuSAHJFjMiCC/PBeeK+8tv fTb/lv/Hc3Vt9b9GySW+Xv/gJ/6bq4</latexit>
Te↵ = 4904 K [Fe/H] =  4.20 [C/Fe] = +2.46 A(C) = 6.69
<latexit sha1_base64="YEvKwYpCerqYEV7DgS0TFqYlwSg=">A AACe3icdVFda9swFJW9bmvTfWTbY6GIhbHsy7WDm60PgbaBUthLB01biE2QletGVLKNdD0WjP/Eftre+k/6UqiSZmNttguCwznn6krnJo UUBn3/0nEfrDx89Hh1rbH+5Omz580XL09MXmoOA57LXJ8lzIAUGQxQoISzQgNTiYTT5KI/00+/gzYiz45xWkCs2HkmUsEZWmrU/Hk8qiK tKKRpTXs03PFDGiH8QK0q+rWm0cQUjEPle8E2V/UfbXgAW4dx3fsUeh3//67+1gHEs4s/dLywS5eMdK/929uv3/Vo1+vujJot3/PnRZdB sAAtsqijUfNXNM55qSBDLpkxw8AvMK6YRsEl1I2oNGCnXrBzGFqYMQUmrubZ1fSNZcY0zbU9GdI5+3dHxZQxU5VYp2I4Mfe1GfkvbVhi+ iWuRFaUCBm/HZSWkmJOZ4ugY6GBo5xawLgW9q2UT5hmHO26GjaE4P6Xl8FJxwtslN/C1u7+Io5VskFekzYJyGeySw7JERkQTq6cTeet03 au3Zb73v14a3WdRc8rcqfc7RuKmLq+</latexit><latexit sha1_base64="YEvKwYpCerqYEV7DgS0TFqYlwSg=">A AACe3icdVFda9swFJW9bmvTfWTbY6GIhbHsy7WDm60PgbaBUthLB01biE2QletGVLKNdD0WjP/Eftre+k/6UqiSZmNttguCwznn6krnJo UUBn3/0nEfrDx89Hh1rbH+5Omz580XL09MXmoOA57LXJ8lzIAUGQxQoISzQgNTiYTT5KI/00+/gzYiz45xWkCs2HkmUsEZWmrU/Hk8qiK tKKRpTXs03PFDGiH8QK0q+rWm0cQUjEPle8E2V/UfbXgAW4dx3fsUeh3//67+1gHEs4s/dLywS5eMdK/929uv3/Vo1+vujJot3/PnRZdB sAAtsqijUfNXNM55qSBDLpkxw8AvMK6YRsEl1I2oNGCnXrBzGFqYMQUmrubZ1fSNZcY0zbU9GdI5+3dHxZQxU5VYp2I4Mfe1GfkvbVhi+ iWuRFaUCBm/HZSWkmJOZ4ugY6GBo5xawLgW9q2UT5hmHO26GjaE4P6Xl8FJxwtslN/C1u7+Io5VskFekzYJyGeySw7JERkQTq6cTeet03 au3Zb73v14a3WdRc8rcqfc7RuKmLq+</latexit><latexit sha1_base64="YEvKwYpCerqYEV7DgS0TFqYlwSg=">A AACe3icdVFda9swFJW9bmvTfWTbY6GIhbHsy7WDm60PgbaBUthLB01biE2QletGVLKNdD0WjP/Eftre+k/6UqiSZmNttguCwznn6krnJo UUBn3/0nEfrDx89Hh1rbH+5Omz580XL09MXmoOA57LXJ8lzIAUGQxQoISzQgNTiYTT5KI/00+/gzYiz45xWkCs2HkmUsEZWmrU/Hk8qiK tKKRpTXs03PFDGiH8QK0q+rWm0cQUjEPle8E2V/UfbXgAW4dx3fsUeh3//67+1gHEs4s/dLywS5eMdK/929uv3/Vo1+vujJot3/PnRZdB sAAtsqijUfNXNM55qSBDLpkxw8AvMK6YRsEl1I2oNGCnXrBzGFqYMQUmrubZ1fSNZcY0zbU9GdI5+3dHxZQxU5VYp2I4Mfe1GfkvbVhi+ iWuRFaUCBm/HZSWkmJOZ4ugY6GBo5xawLgW9q2UT5hmHO26GjaE4P6Xl8FJxwtslN/C1u7+Io5VskFekzYJyGeySw7JERkQTq6cTeet03 au3Zb73v14a3WdRc8rcqfc7RuKmLq+</latexit><latexit sha1_base64="YEvKwYpCerqYEV7DgS0TFqYlwSg=">A AACe3icdVFda9swFJW9bmvTfWTbY6GIhbHsy7WDm60PgbaBUthLB01biE2QletGVLKNdD0WjP/Eftre+k/6UqiSZmNttguCwznn6krnJo UUBn3/0nEfrDx89Hh1rbH+5Omz580XL09MXmoOA57LXJ8lzIAUGQxQoISzQgNTiYTT5KI/00+/gzYiz45xWkCs2HkmUsEZWmrU/Hk8qiK tKKRpTXs03PFDGiH8QK0q+rWm0cQUjEPle8E2V/UfbXgAW4dx3fsUeh3//67+1gHEs4s/dLywS5eMdK/929uv3/Vo1+vujJot3/PnRZdB sAAtsqijUfNXNM55qSBDLpkxw8AvMK6YRsEl1I2oNGCnXrBzGFqYMQUmrubZ1fSNZcY0zbU9GdI5+3dHxZQxU5VYp2I4Mfe1GfkvbVhi+ iWuRFaUCBm/HZSWkmJOZ4ugY6GBo5xawLgW9q2UT5hmHO26GjaE4P6Xl8FJxwtslN/C1u7+Io5VskFekzYJyGeySw7JERkQTq6cTeet03 au3Zb73v14a3WdRc8rcqfc7RuKmLq+</latexit>
Te↵ = 4174 K [Fe/H] =  4.36 [C/Fe] = +3.10 A(C) = 7.17
<latexit sha1_base64="f9J3FM00RuH3w4PtgsvnBYPyXRs=">A AACfHicdVFda9swFJW9ry77ytrHPkwsG6SUutaaNnsJdAuUwl46aNpCbIKsXDeikm2k69Fg/Cv2z/q2n7KXMTnNxtZsFwSHc87Vlc5NCi UthuE3z793/8HDR2uPW0+ePnv+ov1y/czmpREwErnKzUXCLSiZwQglKrgoDHCdKDhProaNfv4FjJV5dorzAmLNLzOZSsHRUZP219NJFRl NIU1rOqA91u/RCOEaja7op5pGM1twAVUYsH2h69/a+Ah2j+N6sNML9g7+7xruHkHcXLy9F7CQrhjph+4v77DeGtB+wPqtSbsTBuGi6Cpg S9AhyzqZtG+iaS5KDRkKxa0ds7DAuOIGpVBQt6LSght7xS9h7GDGNdi4WoRX07eOmdI0N+5kSBfsnx0V19bOdeKcmuPM3tUa8l/auMT0f VzJrCgRMnE7KC0VxZw2m6BTaUCgmjvAhZHurVTMuOEC3b6aENjdL6+Cs3cu1oB97nUOPy7jWCOb5DXpEkb65JAckxMyIoJ89155XW/L++ G/8bf9nVur7y17Nshf5R/8BON9uso=</latexit><latexit sha1_base64="f9J3FM00RuH3w4PtgsvnBYPyXRs=">A AACfHicdVFda9swFJW9ry77ytrHPkwsG6SUutaaNnsJdAuUwl46aNpCbIKsXDeikm2k69Fg/Cv2z/q2n7KXMTnNxtZsFwSHc87Vlc5NCi UthuE3z793/8HDR2uPW0+ePnv+ov1y/czmpREwErnKzUXCLSiZwQglKrgoDHCdKDhProaNfv4FjJV5dorzAmLNLzOZSsHRUZP219NJFRl NIU1rOqA91u/RCOEaja7op5pGM1twAVUYsH2h69/a+Ah2j+N6sNML9g7+7xruHkHcXLy9F7CQrhjph+4v77DeGtB+wPqtSbsTBuGi6Cpg S9AhyzqZtG+iaS5KDRkKxa0ds7DAuOIGpVBQt6LSght7xS9h7GDGNdi4WoRX07eOmdI0N+5kSBfsnx0V19bOdeKcmuPM3tUa8l/auMT0f VzJrCgRMnE7KC0VxZw2m6BTaUCgmjvAhZHurVTMuOEC3b6aENjdL6+Cs3cu1oB97nUOPy7jWCOb5DXpEkb65JAckxMyIoJ89155XW/L++ G/8bf9nVur7y17Nshf5R/8BON9uso=</latexit><latexit sha1_base64="f9J3FM00RuH3w4PtgsvnBYPyXRs=">A AACfHicdVFda9swFJW9ry77ytrHPkwsG6SUutaaNnsJdAuUwl46aNpCbIKsXDeikm2k69Fg/Cv2z/q2n7KXMTnNxtZsFwSHc87Vlc5NCi UthuE3z793/8HDR2uPW0+ePnv+ov1y/czmpREwErnKzUXCLSiZwQglKrgoDHCdKDhProaNfv4FjJV5dorzAmLNLzOZSsHRUZP219NJFRl NIU1rOqA91u/RCOEaja7op5pGM1twAVUYsH2h69/a+Ah2j+N6sNML9g7+7xruHkHcXLy9F7CQrhjph+4v77DeGtB+wPqtSbsTBuGi6Cpg S9AhyzqZtG+iaS5KDRkKxa0ds7DAuOIGpVBQt6LSght7xS9h7GDGNdi4WoRX07eOmdI0N+5kSBfsnx0V19bOdeKcmuPM3tUa8l/auMT0f VzJrCgRMnE7KC0VxZw2m6BTaUCgmjvAhZHurVTMuOEC3b6aENjdL6+Cs3cu1oB97nUOPy7jWCOb5DXpEkb65JAckxMyIoJ89155XW/L++ G/8bf9nVur7y17Nshf5R/8BON9uso=</latexit><latexit sha1_base64="f9J3FM00RuH3w4PtgsvnBYPyXRs=">A AACfHicdVFda9swFJW9ry77ytrHPkwsG6SUutaaNnsJdAuUwl46aNpCbIKsXDeikm2k69Fg/Cv2z/q2n7KXMTnNxtZsFwSHc87Vlc5NCi UthuE3z793/8HDR2uPW0+ePnv+ov1y/czmpREwErnKzUXCLSiZwQglKrgoDHCdKDhProaNfv4FjJV5dorzAmLNLzOZSsHRUZP219NJFRl NIU1rOqA91u/RCOEaja7op5pGM1twAVUYsH2h69/a+Ah2j+N6sNML9g7+7xruHkHcXLy9F7CQrhjph+4v77DeGtB+wPqtSbsTBuGi6Cpg S9AhyzqZtG+iaS5KDRkKxa0ds7DAuOIGpVBQt6LSght7xS9h7GDGNdi4WoRX07eOmdI0N+5kSBfsnx0V19bOdeKcmuPM3tUa8l/auMT0f VzJrCgRMnE7KC0VxZw2m6BTaUCgmjvAhZHurVTMuOEC3b6aENjdL6+Cs3cu1oB97nUOPy7jWCOb5DXpEkb65JAckxMyIoJ89155XW/L++ G/8bf9nVur7y17Nshf5R/8BON9uso=</latexit>
⇠CaII = 0.09
<latexit sha1_base64="ZJAI3CpnyjME8pKMn9HlluGJ71g="> AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgroQit3YXQX7gM4wZNK0DU0yQ5IR61D8FTcuFHHrf7jzb8y0s9DWA5d7OOdecnPCmFG lHefbKiwtr6yuFddLG5tb2zv27l5LRYnEpIkjFslOiBRhVJCmppqRTiwJ4iEj7XBUy/z2PZGKRuJOj2PiczQQtE8x0kYK7APvgQapJz msoXp9cuVUnMtSYJdNnwIuEjcnZZCjEdhfXi/CCSdCY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1VCBOlJ9Or5/AY6P0YD+SpoSGU/X3R oq4UmMemkmO9FDNe5n4n9dNdP/CT6mIE00Enj3UTxjUEcyigD0qCdZsbAjCkppbIR4iibA2gWUhuPNfXiSt04rrVNzbs3L1Oo+jCA7B ETgBLjgHVXADGqAJMHgEz+AVvFlP1ov1bn3MRgtWvrMP/sD6/AER+pOm</latexit><latexit sha1_base64="ZJAI3CpnyjME8pKMn9HlluGJ71g="> AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgroQit3YXQX7gM4wZNK0DU0yQ5IR61D8FTcuFHHrf7jzb8y0s9DWA5d7OOdecnPCmFG lHefbKiwtr6yuFddLG5tb2zv27l5LRYnEpIkjFslOiBRhVJCmppqRTiwJ4iEj7XBUy/z2PZGKRuJOj2PiczQQtE8x0kYK7APvgQapJz msoXp9cuVUnMtSYJdNnwIuEjcnZZCjEdhfXi/CCSdCY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1VCBOlJ9Or5/AY6P0YD+SpoSGU/X3R oq4UmMemkmO9FDNe5n4n9dNdP/CT6mIE00Enj3UTxjUEcyigD0qCdZsbAjCkppbIR4iibA2gWUhuPNfXiSt04rrVNzbs3L1Oo+jCA7B ETgBLjgHVXADGqAJMHgEz+AVvFlP1ov1bn3MRgtWvrMP/sD6/AER+pOm</latexit><latexit sha1_base64="ZJAI3CpnyjME8pKMn9HlluGJ71g="> AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgroQit3YXQX7gM4wZNK0DU0yQ5IR61D8FTcuFHHrf7jzb8y0s9DWA5d7OOdecnPCmFG lHefbKiwtr6yuFddLG5tb2zv27l5LRYnEpIkjFslOiBRhVJCmppqRTiwJ4iEj7XBUy/z2PZGKRuJOj2PiczQQtE8x0kYK7APvgQapJz msoXp9cuVUnMtSYJdNnwIuEjcnZZCjEdhfXi/CCSdCY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1VCBOlJ9Or5/AY6P0YD+SpoSGU/X3R oq4UmMemkmO9FDNe5n4n9dNdP/CT6mIE00Enj3UTxjUEcyigD0qCdZsbAjCkppbIR4iibA2gWUhuPNfXiSt04rrVNzbs3L1Oo+jCA7B ETgBLjgHVXADGqAJMHgEz+AVvFlP1ov1bn3MRgtWvrMP/sD6/AER+pOm</latexit><latexit sha1_base64="ZJAI3CpnyjME8pKMn9HlluGJ71g="> AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgroQit3YXQX7gM4wZNK0DU0yQ5IR61D8FTcuFHHrf7jzb8y0s9DWA5d7OOdecnPCmFG lHefbKiwtr6yuFddLG5tb2zv27l5LRYnEpIkjFslOiBRhVJCmppqRTiwJ4iEj7XBUy/z2PZGKRuJOj2PiczQQtE8x0kYK7APvgQapJz msoXp9cuVUnMtSYJdNnwIuEjcnZZCjEdhfXi/CCSdCY4aU6rpOrP0USU0xI5OSlygSIzxCA9I1VCBOlJ9Or5/AY6P0YD+SpoSGU/X3R oq4UmMemkmO9FDNe5n4n9dNdP/CT6mIE00Enj3UTxjUEcyigD0qCdZsbAjCkppbIR4iibA2gWUhuPNfXiSt04rrVNzbs3L1Oo+jCA7B ETgBLjgHVXADGqAJMHgEz+AVvFlP1ov1bn3MRgtWvrMP/sD6/AER+pOm</latexit>
⇠CH = 0.16
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Figure 9. MCMC MLE Model fits (purple) of the Ca II K (left column), CH G-band (right column), for the Group II
(HE 1116-0034, CS 30314-0067) and Group III (HE 1310-0536 and G 77-61) validation stars . The gray regions correspond to
the wavelength range considered in each absorption feature. Shading about the model fit represents the the inverse SNR for
each feature (ξ = 1/SNR), determined from maximum likelihood estimation.
